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Description 

[0001 ] The invention relates to the field of recombinant ON A technology, more in particular to the field of gene therapy. 
In particular the invention relates to gene therapy using materials derived from adenovirus, in particular human recom- 
s binant adenovirus. It especially relates to novel virus derived vectors and novel packaging ceU lines for vectors based 
on adenoviruses. 

[0002] Gene therapy i^ a recently developed concept for which a wide range of applications can be and have been 
envisaged. 

[0003] In gene therapy a molecule carrying genetic information is introduced into some or all cells of a host, as a 

10 result of which the genetic infonnation is added to the host In a functional format 

[0004] The genetic information added may be a gene or a derivative of a gene, such as a cOlMA, which encodes a 
protein. In this case the functional format means that the protein can be expressed by the machinery of the host cell. 
[0005] The genetic Information can also be a sequence of nucleotides complementary to a sequence of nucleotides 
(be it DNA or RNA) present in the host cell The functional format in this case is that the added DNA (nucleic acid) 

15 molecule or copies made thereof in situ are capable of base pairing with the complementary sequence present in the 
host cell. 

[0006]^ Applications include the treatment of genetic disorders by supptemenfihg a protein or other substance which 
is, through said genetic disorder, not present or at least present in insufficient amounu in the host, the treatment of 
tumors and (other) acquired diseases such as (auto)tmmune diseases or infections, etc. 
30 [0007] As may be clear from the above, there are basically three different approaches in gene therapy, one directed 

towards compensating a deficiency present in a (mammalian) host; the second directed towards the removal or elim- 
ination of unwanted substances (organisms or cells) and the third towards application of a recombinant vaccine (tumors 
or foreign micro-organisms). 

[0008] For the purpose of gene therapy, adenoviruses carrying deletions have been proposed as suitable.vehicles. 

29 ' Adenoviruses are non-enveloped DNA viruses. Gene-transfer vectors derived from adenoviruses (so-called adenoviral 

vectors) have a number of features that maice them particularly useful for gene transfer for such purposes. Eg. the 
biology of the adenoviruses is charaeteri2ed in detaH, the adenovirus is not associated with severe human pathology, 
the virus is extremely efficient in htroducing its DNA into the host cell, the virus can infect a wide variety of cells and 
has a broad host-range, the virus can be produced In large quantities with relative ease, and the vlnjs can be rendered 

30 replication defective by deletions in the early*region 1 (El) of the viral genome. 

[0009] The adenovirus genome is a linear double-stranded DNA molecule of approximately 36000 base pairs with 
the 55-kOa temiinal protein covalentiy bound to the 5*terminu8 of each strand. The Ad DNA contains identical Inverted 
Terminal Repeats (ITR) of about 100 base pairs with the exact length depending on the serotype. The viral origins of 
replication are located within the ITRs exactly at the genome ends. DNA synthesis occurs in two stages. First, the 

35 replication proceeds by strand displacement generating a daughter duplex molecule and a parental displaced strand. 
The displaced strand is single stranded and can form a so-called "panhandle" intermediate, which allows repficatlon 
initiation and generation of a daughter duplex molecule. Alternatively, replication may proceed from both ends of the 
genome simultaneously, obviating the requirement to form the panhandle structure. The replication is summarized in 
Figure 1 4 adapted from (Lechner and Kelly. 1977). 

40 [0010] During the productive infection cycle, the viral genes are expressed in two phases: the eariy phase, which is 
the period upto viral DNA replication, and the late phase, which coincides with the initiation of viral DNA replication. 
During the eariy phase only the early gene products, encoded by regions £1. E2, E3 and E4, are expressed, which 
carry out a number of functions that prepare the cell for synthesis of viral structural proteins (Berk, 1986). Dur^g the 
late phase the late viral gene products are expressed In addition to the eariy gene products end host cell DfMA and 

^ protein synthesis are shut off. Consequently, the cell becomes dedicated to the production of viral DNA and of viral 
structural proteins (Tooze. 1 9S1 ). 

[0011] The El region of adenovirus is the first region of adenovirus expressed after infection of the target cell. This 
region consists of two transcriptional units, the El A and E1B genes, which both are required for oncogenic transfor- 
mation of primary (ernt>ryonal} rodent cultures. The main functions of the El A gene products are: 

30 

1) to induce quiescent cells to enter the ceU cycle and resume cellular DNA synthesis, and 
ii) to transcriptionally activate the El B gene and the other eariy regions (E2, E3, E4). Transfection of primary cells 
with the El A gene alone can induce unHmited proliferation (immortalization), but does not result in complete trans- 
formation. However, expression of El A in most cases results in induction of programmed cell death (apoptosis), 
55 and only occasionally immortalization is obtained (Jochemsen et al.. 1987). Co-expression of the El B gene is 

required to prevent induction of apoptosis and for complete morphological transformation to occur. In established 
immortal cell lines, high level expression of El A can cause complete transformation in the absence of El B (Roberts 
etal.,1985). 
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[0012J The E1B encoded proteins assist E1A in redirecting the cellular functions to attow viral replication. The E1B 
S5 kD and 33lcD proteins, which form a complex that is essentiafly localized in the nucleus, function in inhibiting 
the synthesis of host proteins and In facilitating the expression of viral genes. Their main Influence is to establish 
selective transport of viral mRNAs from the nucleus to the cytoplasm, concomitantly with the onset of the late phase 
of lnfe9tion. The El B 21 kD protein is important for correct temporal control of the productive infection cycle, thereby 
preventing premature death of the host cell before the virus life cycle has been completed. Mutant viruses Incapable 
of expressing the E18 21 kO gene-product exhibit a shortened infection cyde that is accompanied by excessive deg- 
radation of host cell chromosomal ONA (dep-phenotype) and in an enhanced cytopathic effect (cy^phenotype) (TeUing 
et al.. 1994). The deg and cytphenotypes are suppressed when in addition the El A gene is mutated, indicating that 
these phenotypes are a function of El A (White et al., 1988). Furthenmore, the El B 21 kOa protein slows down the nate 
by which El A switches on the other viral genes. It is not yet known through which mechanisms El B 21 kO quenches 
these El A dependent functions. 

[0013] Vectors derived from human adenoviruses, in which at least the £1 regton has been deleted and replaced by 
a gene of interest, have been used extensively for gene therapy experiments in the pre-clintoal and clinical phase. 
[001 4] As stated before all adenovirus vectors currently used in gene therapy have a deletion in the El region, where 
9® »]«tic information can be introduced. The El deletion renders the recombinant vims replication defective (Strat- 
ford-Perrrcaudel and Perricaudet, 1 991). We have deiribhstrated that recombinant adenoviruses are able to efficiently 
transfer recombinant genes to the rat liver and ainvay epithelium of rhesus monkeys (Bout et al.. 1994b; Bout et al., 
1994a). In addition, we (Vincent et al.. 1996a; Vincent et al., 1996b) and others (see e.g. Haddada et al., 1993) have 
observed a very efficient In vh/o adenovlms mediated gene transfer to a variety of tumor cells In vitro and to solid tumors 
in animal models (lung tumors, glioma) and human xenografts in immunodeficient mice (lung) vivo (reviewed by 
Blaeseetal., 1995). 

[001 5] In contrast to for Instance retroviruses, adenoviruses a) do not Integrate into the host cell genome; b) are able 
to infect non-dividing cells and c) are able to efficiently transfer recombinant genes h vivo (Brody and Crystal, 1994). 
Those features make adenoviruses attractive candidates for m vivo gene transfer of, for instance, suicide or cytokine 
genes Into tumor cells. 

[001 8) However, a problem associated with current recombinant adenovirus technology is the possibility of unwanted 
generatton of replfcatlon competent adenovirus (RCA) during the production of recombinant adenovirus (LochmuUer 
et al., 1994; Imler et al., 1996). This Is caused by homologous recombination between overlapping sequences from 
the recombinant vector and the adenovirus constructs present in the complementing cell tine, such as the 293 cells 
(Graham et a!., 1977). RCA in batches to be used In cfinical trials is unwanted because RCA Q wOl replicate In en 
uncontrolled fashion; R) can'complement replication defective recombinant adenovlnis, causing uncontrolled multiple 
cation of the recombinant adenovirus and HQ batches containing RCA Induce significant tissue dan^ge and hence 
strong pathological side effects (Lochmuller et al., 1994). Therefore, batches to be used in clinical trials shoukl be 
proven free of RCA (Ostrove, 1994). In one aspect of the invention this problem in virus production is solved in that 
we have developed packaging cells that have no overlapping sequences with a new basic vector and thus are suited 
for safe large scale production of recombinant adenoviruses one of the additional problems associated with the use 
of recombinant adenovirus vectors is the host-defence reaction against treatment with adenovirus. 
[0017] Briefly, recombinant adenoviruses are deleted for the Et region (see above). The adenovirus El products 
trigger the transcription of the other early genes (E2, E3. £4). which consequently activate expression of the late virus 
genes. Therefore. It was generally thought that El deleted vectors would not express any other adenovirus genee. 
However, recently It has been demonstrated that some cell types are able to express adenovirus genes In the absence 
of El sequences. This Indicates, that some cell types possess the machinery to drh^ transcription of adenovirus genee. 
In particular, it was demonstrated that such cells synthesize E2A and late adenovirus proteins. 
[0018] In a gene therapy seaing, this means that transfer of the therapeutic recombinant gene to somatic cells not 
only results In expression of the therapeutic protein but may also result In the synthesis of viral proteins. Cells that 
express adenoviral proteins are recognized and killed by Cytotoxic T Lymphocytes, which thus a) eradicates the trsns- 
ducedcells and b) causes inflammations (Bout etal., 1994a; Engelhardtetal., 1993; Simon etal.. 1993).As this adverse 
reaction Is hampering gene therapy, several solutions to this problem have been suggested, such as a) using immu- 
nosuppressive agents after treatment; b) retainment of the adenovirus E3 region in the recombinant vector (see patent 
application E P 0 707 071 ) and c) using ts mutants of human adenovirus, which have a point mutation in the E2A region 
(patent WO 94/28938). 

[0019] However, these strategies to circumvent the immune response have their limitatfons. 

[0020] The use of ts mutant recombinant adenovirus diminishes the immune response to some extent, but was less 

effective In preventing pathological responses in the lungs (Engelhard! et al., 1994a). 

[0021] The E2A protein may induce an immune response by itself and it plays a phrotal role in the switch to the 
synthesis of late adenovirus proteins. Therefore, it is attractive to make recombinant adenoviruses whch are mutated 
in the E2 region, rendering it ternperature sensitive (ts), as has been claimed in patent application WO 94/28938. 



EP0833 934 81 



[0022J A major drawback of this system is the fact that, although the E2 protein is unstable at the non-permissive 
temperature, the immunogenic protein is still being synthesized. In addition. It is to be expected that the unstable protein 
does activate late gene expression, albeit to a low extent ts125 mutant recombinant adenovinjses have been tested, 
and prolonged recombinant gene expression was reported (Yang et a!., 1994b; Engelhardt et ai., 1994a: Engelhardt 

5 et at.. 1 994b; Yang et al.. 1 995). However, pathology in the lungs of cotton rats was still high (Engelhardt et al.. 1 994a). 
Indicating that the use of ts mutants results In only a partial improvement in recombinant adenovirus technology. Others 
(Fang et al.. 1 996} did not observe prolonged gene expression in mice and dogs using ts1 25 recombinant adenovinis. 
An additional difficulty associated with the use of ts125 mutant adenoviruses is that a high frequency of reversion is 
observed. These revertants are either real revertants or the result of second site mutations (Kniijer et ai., 1 983; Nicolas 

10 et al., 1981). Both types of revertants have an E2A protein that functions at normal tennperature and have therefore 
similar toxicity as the wild-type* vims. 

[0023] In another aspect of the present Invention we therefore delete E2A coding sequences from the recombinant 
adenovirus genome and transfect these E2A sequences Into the (paclcaging) cell lines containing El sequences to 
complement recombinant adenovirus vectors. 
15 [0024] Major hurdles in this approach are a) that E2A should be expressed to very high levels and b) that E2A protein 
is very toxic to cells. 

[0025] The current invention In yet another aspect therefore discloses use of the ts 125 mutant E2A gene, which 
produces a protein that is not able to bind DNA sequences at the non permissive temperature. High levels of this protein 
may be nnaintained in the cells (because it is not toxic at this temperature) until the switch to the permissive temperature 
20 Is made. This can be combined with placing the mutant E2A gene under the direction of an inducible promoter, such 
as for instance tet, methallothionein. steroid inducible promoter, retinoic add p-receptor or other inducible systems. 
However in yet another aspect of the invention, the use of an inducible promoter to control the moment of production 
of toxic wild-type E2A is disclosed. 

[0026] Two salient additional advantages of E2A-deleted recombinant adenovirus are the increased capacity to har- 

29 bor heterologous sequences and the permanent selection for cells that express the mutant E2A. This second advantage 
relates to the high frequency of reversion of ts125 mutation: when reversion occurs in a cell line harboring ts125 E2A, 
this will be lethal to the cell. Therefore, there is a permanent selection for those cens that express the ts12S mutant 
E2A protein. In addition, as we in one aspect of the invention generate E2A-deleted recombinant adenovirus, we wUI 
not have the problem of reversion in our adenoviruses. 

30 [0027] In yet another aspect of the invention as a further improvement the use of non-human cell lines as packaging 
cell lines is disclosed. 

[0028] For GMP production of clinical batches of recombinant viruses it is desirable to use a cell line that has been 
used wideiy for production of other biotechnology products. Most of the latter cell lines are from monlcey origin, which 
have been used to produce e.g. vaccines. These cells can not be used directly for the production of recombinant human 

3S adenovirus, as human adenovirus can not or only tp low levels replicate in cells of monkey origin. A block in the switch 
of eariy to late phase of adenovirus lytic cycle is undertying defecthre replication. However, host range mutations In the 
human adenovirus genome are described (hr400 - 404) which allow repUcation of human vinjses in monkey cells. 
These mutations reside In the gene encoding E2A protein (Klessig and Grodz'cker. 1979; Klesslg et al.. 1964; Rice 
and Klesslg, 1985)(KIessig et al.. 1984). Moreover, mutant viruses have been described that harbor both the hr and 

40 temperature-sensitive ts125 phenotype (Brough et al., 1 965; Rice and Klessig. 1 985). 

[0029] We therefore generate packaging cell lines of monkey origin (e.g. VERO, CV1) that harbor 

a. El sequences. to allow replication of E1/E2 defective adenoviruses, and 

b. E2A sequences, containing the hr mutation and the ts 125 mutation, named ts400 (Brough et al., 1985; Rice 
45 and Klessig, 1985) to prevent cell death by E2A overexpression, and/or 

c. E2A sequences, just containing the hr mutation, under the control of an inducible promoter, and^or 

d. E2A sequences, containing the hr mutation and the ts 125 muUtion (ls400). under the control of an inducible 
promoter 

so [0030] Furthermore we disclose the construction of novel and improved combinations of (novel and improved) pack- 
aging cell lines and (novel and improved) recombinant adenovirus vectors. We provkfe: 

1 . a novel packaging cell line derived from diploid human embryonic relinoblasts (HER) that hartwrs nt. 80 • 5788 
of the AdSgenome.This cell line, named 911, deposited under no 95062101 at the ECACC, has many character- 

55 istics that make it superior to the commonly used 293 cells (Fallaux et al., 1 996). 

2. novel packaging cell lines that express Just E1A genes and not El B genes. 

Established cell lines (and not human diploid cells of which 293 and 91 1 cells are derived) are able to express El A 
to high levels without undergoing apoptotic cell death, as occurs in human diploid cells that express El A in the 
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absence of El B. 

Such cell lines are able to trans-complement El B-defective recombinant adenoviruses, because viruses mutated 
for El B 21 kD protein are able to complete viral replication even faster than wild-type adenoviruses (Telling et al.. 
1994). The constructs are described in detail below, and graphically represented in Figures 1-5. The constructe 

s are transfected into the different established cell lines and are selected for high expression of El A. This is done 

by operatively linking a selectable marker gene (e.g. NEO gene) directly to the El B promoter. The El B promoter 
Is transcriptionally activated by the ElA gene product and therefore resistance to the selective agent (e.g. G418 
In the case NEO is used as the selection marker) results in direct selection for desired expression of the ElA gene 
3 Packaging constructs that are mutated or deleted tor El B 21 kD. but just express the 55 kO protein. 

10 4. Packaging constructs to be used for generation of complementing packaging cell lines from diploid celts (not 

exclusively of human origin) without the need of selection with marker genes. These cefls are immortalized by 
expression of ElA. However, In this particular case expression of E1B is essential to prevent apoptosis induced 
by ElA proteins. 

Selection of El expressing celts is achieved by selection for focus formation (immortatizalion), as described for 
w 293 cens (Graham et aL, 1977) and 911 cells (Fallaux et al, 1996). that are El -transformed human embryonfc 

kidney (HEK) cells and human embryonic retinoblasts (HER), respectively. 

5. After transfection of HER ceUs with construct pIG.EIA.E (Fig; 4). seven independent celMines could be estab* 
lished. These cell lines were designated PER.C1. PER.C3. PER.C4. PER.C5. PEaC6, PER.C8 and PER.C9. 
PER denotes PGK-EI -Retinoblasts. These cell lines express ElA and El B proteins, are stable (e.g. PER.C6 Itor 

» more than 57 passages) and complement El defective adenovirus vectors. Yields of recombinant adenovinis 

obtained on PER cells are a tittle higher than obtained on 293 cells. One of these cell Unes (PER.C6} has been 
deposited at the ECACC under nuntber 96022940. 

6. New adenovims vectors with extended El delettens (deletion nt. 459 - 35 1 0). Those viral vectors lack sequences 
homologous to El sequences In said packaging cell lines. These adenoviral vectors contain plX promoter se- 

» quences and the pIX gene, as pIX (from Its natural promoter sequences) can only be expressed from the vector 

and not by packaging ceils (Matsul et al . 1986. Hoeben and Fallaux. pers.comm.; Imler et al., 1996). 

7. E2A expressing packaging cell lines preferably based on either El A expressing established cell lines or El A 4- 
El B expressing diploid cens (see under 2 • 4). E2A expression is either under the control of an inducible promoter 
or the E2A ts125 mutant b driven by either an inducible or a constitutive promoter. 

» 6. Recombinant adenovirus vectors as described before (see 6) but carrying an additional deletion of E2A se- 

quences. 

9. Adenovirus packaging cells from monkey origin that are able to trans-complement El -defective recombinant 
adenoviruses. They are preferably co-transfected with pIG.EIAEIB and plG.NEO. and selected for NEO resist- 
ance. Such cells expressing ElA and E1B are able to transcomplement El defective recombinant human aden- 
» oviaises. but will do so inefHcientty because of a block of the synthesis of late adenovinis proteins in cells of monkey 

origin (Klessig and 'Grodzicker. 1979). To overcome this problem, we generate recombinant adenoviruses that 
harbor a host-range mutation in the E2A gene, allowing human adenovinjses to replicate in monkey cells. Such 
viruses are generated as described in Figure 12.-except ONA frorii a hr-mutant is used for homotegous recombi- 
natk>n. 

40 10. Adenovinis packaging cells from monkey origin as described under 9, except that they will also be co-trans- 

fected with E2A sequences harboring the hr mutation. This allows replicaUon of human adenoviruses lacking El 
and E2A (see under 8). E2A in these cell lines is either under the control of an Inducible promoter or the tsE2A 
mutant is used. In the latter case, the E2A gene will thus carry both the ts mutation and the hr mutation (derived 
from ts400). Replication corr^etent human adenoviruses have been described that harbor both mutations (Brough 

« et al.. 1 985; Rice and Klessig, 1985). 



[0031] A further aspect of the invention provides otherwise improved adenovirus vectors, as well as novel strategies 
for generation and appfication of such vectors and a method for the intracellular ampircation of linear ONA fragments 
In mammalian ceQs. 

so [0032] The so-called 'minimar adenovirus vectors according to the present invention retain at least a portion of the 
viral genome that is required for encapsidation of the genome into virus particles (the encapsidatlon signal), as well 
as at least one copy of at least a functional part or a derivative of the Inverted Temninal Repeat (ITR), that is DMA 
sequences derived from the termini of the linear adenovirus genome. The vectors according to the present invention 
will also contain a transgene linked to a promoter sequence to govern expression of the transgene. Packaging of the 

S5 so-called minimal adenovirus vector can be achieved by co-infection with a helper virus or, attematively, with a pack- 
aging deficient replicating helper system as descn'bed below. 

[0033] Adenovirus-derived ONA fragments that can replicate In suitable ceil lines and that may senre as a packaging 
deficient replicating helper system are generated as follows. These ONA fragments retain at least a portion of the 
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transcribed region of the "late* transcription unit of the adenovirus genome and carry deletions in at least a portion of 
the El region and dclctscns in at isast a pertien of the encapsidaticn signal. !n addition, these DNA fragments eontalfi 
at least one copy of an inverted terminal repeat (ITR). At one terminus of the transfected DNA molecule an [TR is 
located. The other end may contain en ITR, or altemath^ely, a DNA sequence that is complementary to a portion of the 

5 same strand of the ONA motecule other than the ITR. If, in the latter case, the two complementary sequences anneal, 
the free 3'-hydroxyl group of the 3' terminal nucleotide of the hairpin-structure can serve as a primer for DNA synthesis 
by cellular and/or adenovirus-encoded ONA polymerases, resulting In conversion into a double-stranded form of at 
least a portion of the ONA molecule. Further replication initiating at the ITR will result in a linear double-stranded ONA 
molecule, that is flanked by two ITR's, and is larger than the original transfected DNA molecule (see Fig. 13). This 

>o molecule can replicate itself in the transfected cell by virtue of the adenovirus proteins encoded by the ONA molecule 
and the adenoviral and cellular proteins encoded by genes in the host-cell genome. This DNA molecule can not be 
encapsidated due to its targe size (greater than 39000 base pairs) or due to the absence of a functional encapsidation 
signal. This DNA motecule is intended to serve as a helper for the production of defective adenovirus vectors in suitable 
cell lines. 

>J [0034] The invention also comprises a method for the amplification of linear DNA fragments of variable size in suitable 
mammalian cells. These DNA fragments contain at least one copy of the ITR at one of the termini of the fragment The 
other end may contain an ITR, oraltematlvely, a DNA sequence that is complertfentaiy to a portfbn of the same strand 
of the DNA molecule other than the fTR. If. in the latter case, the two complementary sequences anneal, the free 3'- 
hydroxyl group of the 3* terminal nucleotide of the hairpin-structure can serve as a primer for DNA synthesis by cellular 

so and/or adenovirus -encoded DNA polymerases, resulting in conversion of the displaced stand Into a double stranded 
form of at least a portion of the DNA molecule. Further replication initiating at the ITR will result In a linear double- 
stranded ONA molecule^ that is flanked by two ITR's. which is larger than the original transfected DNA molecule. A 
ONA motecule that contains ITR sequences at both ends can replicate itself in transfected cells by virtue of the presence 
of at least the adenovirus E2 proteins (viz. the ONA-binding protein (D6P), the adenovirus DNA polymerase (Ad-pol). 

25 and the pretenninal protein (pTP). The required proteins may be expressed from adenovirus genes on the ONA mol- 
ecute itself, from adenovirus E2 genes Integrated in the host-cell genome, or from a replicating helper fragment as 
described above. 

[0035] Several groups have shown that the presence of ITR sequences at the end of DNA molecules are sufficient 
to generate adenovirus minichromosomes that can replteate, If the adenovlrus-proteins required for replication are 

30 provided in trans e.g. by infection with a helpenrirus (Hu et al., 1 992); (Wang and Pearson, 1985): (Hay et al., 19B4). 
Hu et al., (1 992) obsen^ed the presence and replication of symmetrical adenovirus minichromosome-dimers after trans- 
fection of plasmids containing a single ITR. The authors were able to demonstrate that these dimeric minichromosomes 
arise after tail-to-tail ligation of the single ITR ONA molecules. In ONA exuacted from defective adenovirus type 2 
partk:les. dimeric molecules of various sizes have also been obsen/ed using electron-microscopy paniell, 1976). It 

35 was suggested that the incomplete genomes were foamed byjitegitimate recombination between different molecules 
and that variations in the position of the sequence at which the illegitimate base pairing occurred were resonsible for 
the heterogeneous nature of the incomplete genomes. Based on this mechanism it was speculated that, in theory, 
defective molecules with a total length of up to two times the normal genome could be generated. Such molecules 
could contain duplicated sequences from either end of the genome. However, no DNA molecules larger than the full* 

40 length virus were found packaged in the defective particles (Daniell, 1 976). This can be explained by the slze-limftations 
that apply to the packaging. In addiHon. it was obsenred that in the vims particles ONA-molecules with a duplicated 
left-end predominated over those containing the right-end terminus (Daniell, 1976). This is fully explained by the prea- 
ence of the encapsidation signal near that left-end of the genome (GrSble and Hearing, 1990; Grdble and Hearing, 
1992; Hearing et al.. 1987). 

<5 [0036] The major problems associated with the current adenovirus-derived vectors are: 

A) The strong immunogenicity of the virus particle 

B) The expresston of adenovinis genes that reside in the adenoviral vectors, resulting in a Cytotoxic T-cell response 
against the transduced cells. 

so C) The low amount of heterologous sequences that can be accommodated in the current vcfctors (Up to maximally 

approx. SOOO bp. of heterologous ONA). 

[0037] Ad A) The strong immunogenicity of the adenovirus particle results in an irnmunological response of the host, 
even after a single administration of the adenoviral vector. As a result of the development of neutralizing antfbodies, 
55 a subsequent administration of the virus will be less effective or even completely ineffective. However, a prolonged or 
persistent expression of the transferred genes wBI reduce the number of administrations required and may bypass the 
problem. 

[0038] Ad B) Experiments pert ornied by Wilson and collaborators have demonstrated that after adenovirus-medtated 
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gene transfer into Immunocompetent animals, the expression of the transgene graduaUy decreases and disappears 
approximately 2 - 4 weeks post-infection (Yang et al., 1994a; Yang et al.. 1994b). This is caused by the development 
of a Cytotoxic T-Cel! (CTL) response against the transduced ceUs. The CTLs were directed against adenovirus proteins 
expressed by the viral vectors. In the transduced cells synthesis of the adenovirus DNA-blnding protein (the E2A-gene 

5 product), penion and fiber proteins (late-gene products) could be established. These adenovirus proteins, encoded by 
the viral vector, were expressed despite deletion of the El region. This demonstrates that deletion of the El region is 
not sufTicient to completely prevent expression of the viral genes (Engelhardt et al., 1 994a). 
[0039] Ad C) Studies by Graham and collaborators have demonstrated that adenoviruses are capable of encapsi- 
dating DNA of up to 1 05% of the nomr>al genome size (Betl el aJ., 1 993). Larger genomes tend to be instable resulting 

10 in loss of DNA sequences during propagation of the virus. Cornbinlng deletions In the El and E3 regions of the vinial 
genomes increases the maximmum size of the foreign that can be encapsidated to approx. 8.3 kb. In additton. some 
sequences of the E4 region appear to be dispensable for virus growth (adding another 1 .8 kb to the maximum encap- 
sidatton capacity). Also the E2A region can be deleted from the vector, when the E2A gene product Is provided in trans 
in the encapsidation cell line, adding another 1 .6 kb. It is, however, unlikely that the maxlnuim capacity of fore^n DNA 

19 can be significantly increased further than 1 2 kb. 

t0040J We developed a new strategy for the generation and production of helperfree-stocks of recombinant adeno- 
virus vectors that can accomodate up to 38 kb of foreign DNA. Only two functional ITR sequences, and sequences 
that can function as an encapsidation signal need to be part of the vector genome. Such vectors are called mtnfrnal 
adenovectors. The helper functions for the minimal adenovectors are provided in trans by encapskjation defective- 

30 replicatton competent DI^A molecules that contain all the viral genes encoding the required gene products, with the 
exception of those genes that are present in the host-cell genome, or genes that reside in the vector genome. 
[0041 ] The applkratlons of the disclosed inventtons are outlined below and will be illustrated in the experimental part 
which is only Intended for said purpose, and should not be used to reduce the scope of the present invention as 
understood by the person skilled in the art 

29 

Use of the IG packaging constructs Diploid cells. 

[0042] The constmcts. in partknjlar plG.E1A.E1 8, wUI be used to transfect diploid human cells, such as Human 
Embryonic Retinoblasts (HER), Human Embryonfc Kidney ceOs (HEK), and Human Embryonic Lung cells (HEL). Trans- 
30 fected cells wfll be selected for transformed phenotype (focus formation) and tested for their ability to support propa- 
gation of El-deleted recombinant adenovirus, such as IG.Ad.MLPI.TK. Such cell lines will be used for the gencratton 
and (large-scale) production of El-deleted recombinant adenoviruses. Such cells, infected %vith recombinant adeno- 
vinjs are also intended to be used in vivo as a local producer of recombinant adenovirus, e.g. for the treatment of solid 
tumors. 

^ ss [0043J 91 1 cells are used for the. titration, generation and production of recombinant adenovirus vectors (Fallaux et 
al.. 1996). 

[0044] HER cells transfected with plG.ElA.E1B has resulted in 7 independent ctones (caOed PER cells). These 
clones are used for the production of El deleted (including nonoverlapping adenovirus vectors) or E 1 defective recom- 
binant adenovirus vectors and provide the basis for introduction of e.g. E2B or E2A constnicts (e.g. ts125E2A, see 
4fl below). E4 etc., that win allow propagation of adenovirus vectors that have mutations in e.g. E2A or E4. 

[0045] In addition, diploid cells of other species that are permissive for human adenovirus, such as the cotton rat 
(Sigmodon hispldus) (Pacini et al., 1984), Syrian hamster (Morin et al., 1987) or chimpanzee (Levrero et al., 1991), 
wSI be immortalized with these constnjcts. Such celts, infected with recombinant adenovirus, are also intended to be 
used in vivo for the tocal production of recombinant adenovirus, e.g. for the treatment of sofid tumors. 

43 

Established cells. 

[0048] The constructs, in partk:ular plG.E1A.NEO. can be used to transfect established cells, e.g. A549 (human 
bronchial carcinoma), KB (oral carcinoma). MRC-5 (human diploid lung cell line) or GLC cell tines (small ceU lung 

SO cancer) (de Leij et al., 1985; Postmus et al., 1988) and selected for NEC resistance. IndivkJual cotonles of resistant 
cells are isolated and tested for their capacity to support propagation of El-deleted recombinant adenovirus, such as 
IG.Ad.MLPI.TK. When propagation of El deleted ynruses on El A containing cells is possible, such ceils can be used 
for tiie generation and production of El-deieted recombinant adenovirus. They are also be used for the propagation of 
E t A deleted^ 1 B retained recombinant adenovirus. 

« [0047J Established cells can also be co-lransfected witti plG.E1A.E1B and pIG.NEO (or another NEO containing 
expression vector) . Clones reslstani to G41 8 are tested for their ability to support propagation of El deleted recombinant 
adenovirus, such as IG.Ad.MLPUK and used for the generation and production of El deleted recombinant adenovirus 
and wilt be applied In vivo for local production of recombinant virus, as described for the dlplokJ cells (see above). 
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[0048] All cell lines, including transformed diploid cell tines or NEO-resistant established lines, can be used as the 
basis for the generation of 'next generation* packaging cell lines, that support propagation of El -defective recombinant 
adenoviruses, that also carry deletions in other genes, such as E2A and E4. Moreover, they will provide the basis for 
the generation of minimal adenovirus vectors as disclosed herein. 

9 

E2 expressing cell lines 

[0049] Packaging cells expressing E2A sequences are and will be used for the generation and (large scale) produc- 
tion of E2A-deleted recombinant adenovirus. 

10 [0050] The newly generated human adenovims packaging cell lines or cell lines derived from spedes permissh/e for 
human adenovims (E2A orts125E2A; E1A E2A: ElA-i- E1B> E2A: E1A ^ E2A/ts12S: EIA^ E1B • E2A/ts125) or 
non-permissive cell lines such as monkey cells {hrE2A or hr + ts125E2A: El A + hrE2A; E1A + E1B • hrE2A; E1 A + 
hrE2AAs125; El A ^ El B i- hr£2AAs125} are and will be used for the generation and (large scale) production of E2A 
deleted recombinant adenovirus vectors. In addition, they will be applied in vivo for local production of recombinant 

15 virus, as described for the diptoid cells (see above). 

Novel adenovirus veeteri. 

[0051] The newly developed adenovirus vectors harbouring an El deletion of nt. 459-3510 will be used for gene 
io transfer purposes. These vectors are also the basis for the development of further deleted adenovims vectors that are 
mutated for e.g. E2A. E2B or E4. Such vectors will be generated e.g. on the newly devetoped packaging cell lines 
described above (see 1-3). 

Minimal adenovirus packaging system 

25 

[0052] We disclose adenovirus packaging constructs (to be used for the packaging of minimal adenovirus vectors) 
that may have the following characteristics: 

a. the packaging construct replicates 
30 b. the packaging construct can not be packaged because the packaging signal is deleted 

c. the packaging construct contains an internal hairpin forming sequence (see section 'Experimental; suggested 
hairpin' see Fig. 15) 

d. because of the Internal hairpin structure, the packaging construct is duplicated, that Is the DNA of the packaging 
construct becomes twice as long as It was before transfection into the packaging cell (in our sample it duplicates 

35 from 35 kb to 70 kb). This duplication also prevents packaging. Note that this duplicated ONA molecule has ITR^^ 

at both tenmini (see e.g. Fig. 13) 

e. this duplicated packaging molecule is able to replicate like a 'normal adenovirus* ONA molecule 

f. the duplication of the genome. is a prerequisite for the production of sufficient levels of adenovirus proteins, 
required to package the minimal adenovirus vector 

40 g. the packaging construct has no overlapping sequences with the minimal vector or cellular sequences that may 

lead to generation of RCA by homologous recombination. 

[0053] This packaging system will be used to produce minimal adenovirus vectors. The advantages of minimal ad- 
enovirus vectors e.g. for gene therapy of vaccination purposes, are weU known (accommodation of up to 38 kb; gutting 
45 of ail potentially toxic and immunogenic adenovirus genes). 

[0054] Adenovirus vectors containing mutations in essential genes (including minimal adenovirus vectors) can also 
be propagated using this system. 

Use of Intraeeliular E2 expressing vectors. 

so 

[0055] M inimal adenovirus vectors are generated using the helper functions provkJed in trans by packaging-defcient 
replicating helper molecules. The adenovlrus-derived fTR sequences serve as origins of DNA replication in the pres- 
ence of at least the E2-gene products. When the E2 gene products are expressed from genes in the vector genome 
(N.B. the gene(s) must be driven by an El -independent promoter), the vector genome can replicate in the target cells. 
55 This will allow a significantly increased number of template molecules in the target cells, and, as a result an increased 
expression of the genes of interest encoded by the vector. This is of particular interest for approaches of gene therapy 
in cancer. 
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Applicatrons of intracellular Bmplification of linear ONA fragmcnte. 

[0056J A similar approach could also be taken If amplification of linear DNA fragments is desired. ONA fragments of 
known or unknown sequence could be amplified in cells containing the E2-^ene products if at least one ITR sequence 

5 IS located near or at its terminus. There are no apparent constraints on the si2e of the fragment. Even fragments much 
larger than the adenovirus genome (36 kb) should be amplified using this approach. It is thus possible to clone large 
fragments in mammalian cells without either shuttling the fragment into bacteria (such as Exoll) or use the polymerase 
chain reaction (P.C.R.). At the end stage of a productive adenovims infection a single cell can contain over 100,000 
copies of the viral genome, in the optimal situation, the linear ONA fragments can be ampiried to similar levels Thus 

10 one should be able to extract more than 5 ^g of ONA fragment per 1 0 millton ceDs (for a 35-kbo fragment) . This systerrl 
can be used to express heterologous proteins (equivalent to the Simian Vims 40-based COS-cell system) for research 
or for therapeutic purposes. In addition, the system can be used to identify genes in large fragments of DNA. Random 
DNA fragments may be amplified (after addition of iTRs) and expressed during intracellular amplification. Election or, 
selection of those cells with the desired phenotype can be used to enrich the fragment of interest and to isolate the gene! 

EXPERIMENTAL 



Generation of cell lines able to trans complement El defective recombinant adenovirus vectors. 
» . 1.911 cell line 

10057] We have generated a cell line that harbors E 1 sequences of adenovirus type 5, able to trans-complement El 
deleted recombinant adenovirus (Fallaux et al., 1 996). 

[00581 "This cell line was obtained by transfection of human diploid human embryonic retinoblasts (HER) with 
2S pAdSXholC, that contains nt. 60 - 5788 of Ad5; one of the resulting transfomnants was designated 911. This ceH tine 
has been shown to be very useful in the propagation of El defective recombinant adenovirus. It was found to be 
superior to the 293 cells. Unlike 293 cells, 911 cells lack a fully transfonned phenotype. which most likely is the cause 
of performing better as adenovirus packaging line: 

» plaque assays can be perfomied faster (4 - 5 days instead of 8-14 days on 293) 

monolayers cf 91 1 cells survive better under agar overlay as required for plaque assays 
higher amplificatton of El <leleted vectors 

[0059] In addition, unlike 293 cells that were transfected with sheared adenoviral DNA. 911 cells were transfected 
M using a defined construct. Transfection efficiencies of 911 cells are comparable to those of 293. 

New packaging constructs. 

Source of sdenovirus sequenees. 

40 

[0060] Adenovirus sequences are derived either from pAdS.SalB. containing nt. 80 - 9460 of human adenovirus 
type 5 (Bernards et al.. 1983) or from wild-type Ad5 DNA. 

[0061] pAd5.SalB was digested with Sail and Xhol and the large fragment was refigated and this new clone was 
named pAd5.X^. 

^ [0062] The pTN construct (constructed by Or. R. Vogels, InlicGene. The Netheriands) was used as a source for the 
human PGK promoter and the NEO gene. 

Human PGK promoter and NEO" gene. 

so [0063] Transcription of El A sequences in the new packaging constructs is driven by the human PGK promoter 
(Michelson et al.. 1983; Singer-Sam et al., 1984). derived from plasmid pTN (gift of R. Vogels). which uses pUC119 
(Vieira and l\/)esslng. 1 987) as a backbone. This plasmid was also used as a source for NEO gene fused to the Hepatitis 
8 Vims (HBV) poly-adenylation signal. 

55 Fusion of PGK promoter to El genes (Fig. 1) 

[0064] In order to replace the El sequences of AdS (ITR. origin of replk:ation and packaging signal) by heterologous 
sequences we have ampUfied El sequences (nt4S9 to nt. 960) of AdS by PGR. using primers Eal and Ea2 (see Table 
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I). The resulting PGR product was digested with Clal and ligated into Bluescript (Slralagene), predigested with Clal 

snd EccRV, rcswltsrsg jn ccnstruct poS.PGFi!. 

[0065] Vector pTN was digested with restriction enzymes EcoRI (partially) and Seal, and the DN A fragment containing 
the PGK promoter sequences was ligated into P8S.PCRI digested with Seal and EcoRI. The resulting construct PBS. 
5 PGK.PCRI contains the human PGK promoter operatively linked to AdS El sequences from nt.459 to nt. 916. 

Construction of plG.E1 A.E1BJC (Fig. 2) 

[0066] pIG.EI A.E1 8 J< was made by repladng the Scal-BspEI fragment of pAT-X/S by the corresponding fragment 
10 from PBS.PGK.PCRt (containing the PGK promoter linked to El A sequences). 

[0067] plG.E1A.E1 B.X contains the El A and E1B coding sequences under the direction of the PGK promoter. 
[0068] As AdS sequences from nt.459 to nt. 5788 are present in this construct, also pIX protein of adenovirus Is 
encoded by this plasmid. 

IS Construction of plG.E1A.NE0 (Fig. 3) 

[0069] In order to intr'oduce the complete E IB promoter and to fuse this promoter in such a way that the AUG codon 
of E1B 21 kO exactly functions as the AUG codon of NEC^. we amplified the E1B promoter using prrners Ea3 and 
Ep2, where primer Ep2 introduces an Ncol site In the PCR fragment. The resulting PGR fragment, named PCRII, was 
so digested with Hpal and Ncol and ligated into pAT-X/S, which was predigested with Hpal and with Ncol. The resulting 
plasmid was designated pAT'X/S-PCR2. The Ncol - Stui fragment of pTN. containing the NEC gene and part of the 
Hepatitis B Vims (HBV) poly-adenylation signal, was cloned into pAT.X/S-PCR2 (digested with Ncol and Nrul). The 
resulting construct: pAT-PCR2-NEO. The polyadenylation signal was completed by repladng the Scal-Sall fragment 
of PAT-PCFH2-NEO by the corresponding fragment of pTN (resulting in pAT.PCR2.NEO.p(A)). The Seal - Xbal of pAT. 
PCR2.NEO.P (A) was replaced by the corresponding fragment of pIG.EI A.E 1 B-X, containing the PGK promoter linked 
to El A genes. 

[0070] The resulting construct was named plG.ElA.NEO, and thus contains AdS El sequences (nL4S9 to nt 1713) 
under the control of the human PGK promoter. 

30 Construction of pIQ.EI A£1 B (Fig. 4) 

[0071] pIG.EI A.E1 B was made by amplifying the sequences encoding the N-temiinal amino acids of El B 55kd using 
primers Ebl and Eb2 (introduces a Xhol site). The resulting PCR fragment was digested with Bglll and cloned into 
Bglll/Nrul of pAT-X/S, thereby obtaining pAT-PCR3. 
3s [0072] pIG.EI A.E1 B was constmcted by introducing the HBV poty(A) sequences of pIG.EI A.NEO downstream of 
E1B sequences of pAT-PCR3 by exchange of Xbal - Sail fragment of pIg.El A.NEO and the Xbal Xhol fragment of 
PAT.PCR3. 

[0073] plG.E1A.E1 B contains nt. 459 to nt. 3510 of AdS, that encode the El A and El B proteins. The El B sequences 
are temiinated at the splice acceptor at nt.3511 . No ptX sequences are present in this construct. 

40 

Construction of pIG.NEO (Rg. 5) 

[0074] PIG.NEO was generated by cloning the Hpal • Seal fragment of pIG.EI A.NEO. containing the NEO gene 
under the control of the Ad.5 El 6 promoter, into pBS digested with EcoRV and Seal. 
45 [0075] This construct is of use when established ceils are transfected with El A.E1 B constructs and NEO selectton 
is required. Because NEO expression is directed by the E1 B promoter. NEO resistant cells are expected to co-express 
El A, which also is advantageous for maintaining high levels of expression of El A during iong-temi culture of the cells. 

Testing of constructs. 

[0076] The integrity of the constructs pIG.EI A.NEO. pIG.EI A.E1B.X and pIG.EI A.E1B was assessed by restriction 
enzyme mapping; furthemnore, parts of the constructs that were obtained by PCR analysis were confirmed by sequence 
analysis. No changes in the nucleotide sequence were found. 

[0077] The constructs were transfected into primary BRK (Baby Rat Kidney) cells and tested for their ability to in»- 
« mortalize (pIG.6lA.NEO) or fully transfonn (pAd5.XholC,plG.E1 A.E1B.X and pIG.EI A.E1 B) these cells. 

[0078] Kidneys of 6-day old WAG-Ri] rats were isolated, homogenized and trypsinized. Subconfluent dishes (diam* 
eter 5 cm) of the BRK cell cultures were transfected with 1 or 5 ^g of pIG.NEO. pIG.EI A.NEO, plG.E1A.E1B. pIG. 
El A.E 1 B.X, pAdSXholC. or with pIG.EI A.NEO together with P0C26 (Van der Etsen et al., 1 983), carrying the AdS.EI 8 
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gene under control of the S V40 early promoter. Three weeks post-iransfection. when foci were visible, the dishes were 
fixed, Giemsa stained and the foci counted. 

[0079] An ovennew of the generated adenovirus packaging constructs, and their ability to transform BRK. is present- 
ed In Fig. 6. The results indicate that the constructs plG.EIA.EIB and pIG.EIA.EIB.X are able to transfoim BRK cells In 
a dose-dependent manner. The efficiency of transfomiation is similar for both constructs and is comparable to what 
was found with the construct that was used to make 911 cells, namely pAd5.XholC. 

[0080] As expected. pIG.E 1 A.N EO was hardly able to immortalize BRK, However, co-transfection of an El B expres- 
sion construct {PDC26) did result in a stgniHcant increase of the number of transfonnants (ISversus 1), indicating that 
El A encoded by plG.E1A.NE0 is functional. 

[0081] We conclude therefore, that the newly generated packaging constructs are suited for the generation of new 
adenovirus packaging fines. 

Generation of cell lines with new packaging constructs Cell lines and cell culture 

[0082] Human A549 bronchial carcinoma ceMs (Shapiro et al., 1978), human embiyonto retinoblasts (HER). 
Ad5-E1 -transformed human embryoriic kidney (HEK) cells (293; Graham et al., 1977) cells and AdS-transformed HER 
cells (91 1 : Fallaux et al, 1 996)) and PER cells were grown in Dulbecco's Modified Eagle Medium (DMEM) supplemented 
with 10% Fetal Calf Serum (PCS) and antibiotics in a 5% C02 atmosphere at 37«C. Cell culture media, reagents and 
sera were purchased from Gibco Laboratories (Grand Island, NY). Culture plastics were purchased from Greiner 
(Nurtingen, Germany) and Coming (Corning, 1^. 

Viruses and virus techniques 

[0083] The construction of adenoviral vectors IG.Ad.MLP.nls.lac2, IG.Ad.MLP.Iuc, IG.Ad.MLP.TK and IG.Ad.CMV. 
TK is described In detail in patent application EP 0707071. 

[0084] The recombinant adenoviral vector IG.Ad.MLP.nls.lacZ contains the E.coli lacZ gene, encoding p-galactosl- 
dase. under control of the Ad2 major late promoter (MLP). IG.Ad.MLP.Iuc contains the firefly luciferase gene driven by 
the Ad2 MLR Adenoviral vectors IG.Ad.MLP.TK and IG.Ad.CMV.TK contain the Herpes Svnplex Vims thymWIne kinase 
(TK) gene under the control of the Ad2 MLP and the Cytomegalovirus (CMV) enhancei/promoter, respectively. 

Transfeetions 

[OOaS] All transfeetions were perfonned by catelum-phosphate precipitation DNA (Graham and Van der Eb, 1973) 
with the GIBCO Calcium Phosphate TransfecUon System (GIBCO BRL Life Technologies Inc.. Gaitheisburg, USA), 
according to the manufacturers protocol * 

Western blotting 

[0088] Subconfluent cultures of exponentially growing 293,911 and AdS-EI -transformed A549 and PER celts were 
washed with PBS and scraped in Fos-RIPA buffer (10 mM Tris (pH 7,5), 150 mM NaCI. 1% NP40.01% sodium dodecyl 
sulphate (SDS). 1% NA-DOC, 0,5 mM phenyl methyl sulphonyl fluoride (PMSF). 0,5 mM trypsin inhibitor. 50 mM NaF 
and 1 mM sodium vanadate). After 10 min. at room temperature, lysates were cleared by centrifugatlon. Protein con- 
centradons were measured with the Blorad protein assay kit. and 25 ^g total cellular protein was loaded on a 12.5% 
SOS-PAA gel. After electrophoresis, proteins were transfened to nitrocellulose (Ih at 300 mA). Prestained standards 
(Sigma, USA) were njn in parallel. Biters were blocked with 1% bovine semm albumin (BSA) in TBST (10 mM TrIs. 
pH 8. 15 mM NaCI, and 0.05% Tween-20) for 1 hour. First antibodies were the mouse monoclonal anti-Ad5-E1B- 
55-kDA antibody AiC6 (Zantema et al.. unpublished), the rat monoclonal anti-AdS-E 1 B-221 -kOa antibody CIG 11 (Zante- 
ma et al.. 1985). The second antibody was a horseradish peroxidase-labeled goat anti-mouse antibody (Promega). 
Signals were visuali2ed by enhanced chemoluminescence (Amersham Coip, UK). 

Southern blot analyele 

[0087] High molecular weight DNA was isolated and 1 0 )ig was digested to completion and fractionated on a 0.7% 
agarose gel. Southern blot transfer to Hybond N^- {Amersham. UK) was performed with a 0.4 M NAOH, 0.6 M NaCI 
transfer solution (Church and Gilbert. 1984). Hybridization was performed with a 2463-ni Sspl-Hindlll fragment from 
pAdS.SalB (Bernards et al.. 1 963). This fragment-consists of Ad5 bp. 342-2605. The fragment was radiolabeled with 
a*^P-dCTP with the use of random hexanucleotide primers and Klenow DNA polymerase. The southern blots were 
exposed to a Kodak XAR-5 film at -60*C and to a Phospho-lmager screen which was analyzed by B&L systems Mo- 
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lecular Dynamics software. 
A549 

5 [0088] Ad5-E1 -transformed A549 human bronchial carcinoma cell lines were generated by transfection with pIG. 
E1A.NE0 and selection for G418 resistance. Thirty-one G418. resistant clones were established. Co-transfection of 
plG.E1 A.E1 B with plG.NEO yielded seven G418 resistant cell lines. 

PER 

fO 

[0089] Ad5-E1 -transformed human embryonic retina (HER) cells were generated by transfection of primary HER 
cells with plasmid plG.E1A.El 8. Transformed celt lines were established from well-separated foci. We were able to 
establish seven clonal cell lines, which we called PER.C1 . PER.C3. PER.C4, PER.C5. PER.C6. PER.C8 and PER.C9. 
[0090] One of the PER clones, namely PER.C6, has been deposited at the ECACC under number 96022940. 

15 

Expression of Ad5 El A and El B genes in transformed A549 and PER cells 

[0091] Expression of the Ad5 E 1 A and the 55-kDa and 21 kDa E 1 B proteins in the established A549 and PER cells 
was studied by means of Western blotting, with the use of monodonal antibodies (mAb). Mab M73 recognizes the El A 

^ products, whereas Mabs AIC6 and CIG11 are directed against the 55'kOa and 21 kDa E16 proteins, respectively^ 
[0092] The antibodies did not recognize proteins in extracts from the parental A549 or the primary HER cells (data 
not shown). None of the A549 clones that were generated by co-transfection of plG.NEO and pIG.EI A.E1 B expressed 
detectable levels of El A or El B proteins (not shown). Some of the A549 clones that were generated by transfection 
with piG.E1A.NEO expressed the AdS El A proteins (Fig. 7). but the levels were much lower than those detected In 

S5 protein lysates from 293 cells. The steady state E1A levels defected in protein extracts from PER cells were much 
higher than those detected in extracts from A549-derived cells. Ail PER cell lines expressed similar levels of El A 
proteins (Fig. 7). The expression of the E1B proteins, particularly in the case of E1B 55 kDa. was more variable. 
Compared to 911 and 293. the majority of the PER clones express high levels of El B 55 kOa and 21 kOa. The steady 
state level of E1B 21 kDa was the highest in PER.C3. None of the PER clones lost expression of the AdS El genes 

30 upon serial passage of the cells (not shown). We found that the level of El .expression in PER cells remained stable 
. for at least 1 00 population doublings. We decided to characterize the PER clones in more detail. 

Southern analysis of PER clones 

3S [0093] To study the arrangement of the AdS- El encoding sequences in the PER clones we performed Southem 
analyses. Cellular DNA was extracted from all PER clones, and from 293 and 911 cells. The DNA was digested with 
Hindlll, which cuts once in the AdS El region. Southem hybridization on Hindlll-digested DNA. using a radiolabeled 
AdS-EI -specific probe revealed the presence of several integrated copies of plG.E1A.E1B in the genome of the PER 
clones. Figure 8 shows the distribution pattern of El sequences in the high molecular weight Dl^ of the different PER 

40 cell lines. The copies are concentrated in a single band, which suggests that they are integrated as tandem repeats. 
In the case of PER.C3, C5, C5 and C9 we found additional hybridizing bands of low molecular weight that indicate the 
presence of truncated copies of plG.E1A.E1B. The number of copies was determined with the use of a Phospho- 
Imager. We estimated that PER.C1 . C3, C4. C5. C6. C8 and C9 contain 2. 88, 5.4. 5. 5 and 3 copies of the AdS El 
coding region, respectively, and that 911 and 293 cells contain 1 and 4 copies of the AdS El sequences, respectively. 

45 

Transfection efficiency 

[0094] Recombinant adenovectors are generated by co-transfection of adaptor plasmids and the large Clal fragment 
of AdS into 293 cells (see patent appication EP 0 707 071). The recombinant virus DNA Is fonnned by homologous 
50 recombination between the homologous viral sequences that are present in the plasmid and the adenovirus DNA. The 
efficacy of this method, as well as that of alternative strategies, is highly dependent on the transfectability of the helper 
cells. Therefore, we compared the transfection efficiencies of some of the PER clones witii 911 celts, using the E.coU 
P-galactosidase-encodIng lacZ gene as a reporter (Fig. 9). 

55 Production of recombinant adenovirus 

[0095] Yields of recombinant adenovirus obtained after inoculation of 293, 911 , PER.C3, PER.CS and PER.C6 with 
different adenoviais vectors are presented in Table li. 
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[00961 The results indicate that the yields obtained on PER cells are at least as high as those obtained on the existing 
cell lines. 

[0097] In addition, the yields of the novel adenovims vector lG.Ad.MLPI.TK are similar or higher than the yields 
obtained for the other viral vectors on alt cell lines tested 

5 

Generation of new adenovirus vectors (Fig. 10). 



[0098] The used recombinant adenovinjs vectors (see patent application EP 0 707 071 ) are deleted for El sequencas 
from 459 to nt. 3328. 

to [0099] As constnict plG.EIA.EIB contains AdS sequences 459 to nt. 3510 there is a sequence overlap of 183 nt 
between £1B sequences in the packaging constnjct plG.EIA.ElB and recombinant adenoviruses, such as e.g. iG.Ad 
MLP.TK. The overlapping sequences were deleted from the new adenovirus vectors. In addition, non-coding sequences 
derived from Iac2. that are present in the original contojcts. were deleted as well. This was achieved (see Rg 10) by 
PCR amplification of the SV40 poly(A) sequences from pMLRTK using primers SV40.1 (introduces a BamHt site) and 

w SV40-2 (introduces a Bglll site). In addition, AdS sequences present In this constnict were amplified from nt 2496 (Ad5 
introduces a Bglll site) to nt. 2779 (Ad5.2). Both PCR fragments were digested with Bgtll and were ligated. The Ugation 
product was PCR ampUHed using primers sWo-l and Ad5-2. The PCR product obtained was cut with BamHI and Aflll 
and was ligated into pMLRTK predlgested with the same enzymes. The resulting construct, named pMLPl.TK, contains 
a deletion in adenovinis El sequences from m 459 to nt 351 0. 

Packaging system 

[01 00] The combination of the new packaging construct plG.E1 A,E1 8 and the recombinant adenovirus pMLPl.TK 
which do not have any sequence overlap, are presented in Fig. 11 . In this figure, also the original situation is presented' 
25 where the sequence overlap is indicated. 

[0101] The absence of overlapping sequences between plG.ElA.E1 B and pMLPl.TK (Fig. 11a) excludes the possi- 
bifity of homologous recombination between packaging construct and recombinant virus, and is therefore a significant 
improvement for production of recombinant adenovirus as compared to the original situation. 
[0102] In Fig. 11b the situation is depicted for plG,E1A.NEO and l6.Ad.MLPI.TK. plG.E1A.NEO when transfected 
into established ceils, is expected to be sufficient to support propagation of El -deleted recombinant adenovinis. This 
comoination does not have any sequence overlap, preventing generation of RCA by homologous recombination. In 
addition, this convenient packaging system allows the propagation of recombinant adenovimses that are deleted just 
for El A sequences and not for E1B sequences. Recombinant adenoviruses expressing E1B in the absence of El A 
are attractive, as the E1B protein, In partknjiar El B 19kD. is able to prevent infected human cells from lysis by Tumor 
Necrosis Factor (TNF) (Gooding et al.. 1 991). 

Generation of recombinant adenovirus derived from pMLPLTK. 

[0103] Recombinant adenovims was generated by co-transfectk)n of 293 cells with Sail finearized pMLPl.TK DNA 
and Clal linearized AdS wt ON A. The procedure Is schematically represented in Fig. 12. 

Outline of the strategy to generate packaging systems for minimal adenovirus vector 



[0104] Name convention of the plasmkis used: 
p pfasmid 

I ITR (Adenovirus Inverted Terminal Repeat) 

C Cytomegalovlms (CMV) EnhanceryPromoter Combination 

L Firefly Luciferase Coding Sequence hac.haw Potential hairpin that can be fornied after digestion with restriction 
endonuclease Asp718 in its correct end in the. reverse orientation, respectively (Fig. 15). 

[0105] Eg. pICLhaw is a plasmid that contains the adenovinjs ITR followed by the CMV-driven luciferase gene and 
the Asp71 8 hairpin in the reverse (non-functionaQ orientation. 
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1 .1 Demonstration of the competence of a synthetic DNA sequence, that is capable of forming a hairpin-structure, to 
serve as a primer for reverse strand synthesis for the generation of double-stranded DNA molecules in ceils that contain 
and express adenovirus genes. 

5 [01 06] Plasmids plCLhac, piCLhaw. pICLI and pICL were generated using standard techniques. The schematic rep- 
resentation of these plasmids is shown In Figs. 16-19. 
Plasmid pICL is derived from the following plasmids: 

nt.1 - 4S7 pMLPIO (Levrero et al.. 1991) 
10 nt.4S8 - 1216 pCMVp (Ciontech. EMBL Bank No. U02451) 

nt.1 21 9 - 3016 pMLP.luc (IntroGene, unpublished) 
nt.301 7 - 5620 pBLCATS (Stein and Whelan. 1 989) 

The plasmid has been constructed as follows: 

f5 [0107] The tet gene of plasmid pMLPI 0 has been inactivated by deletion of the BamHI-Sall fragment, to generate 
pMLPIOASB. Using primer set PCR/MLP1 and PCfVMLPS a 210 bp fragment containing the AdS-ITR, flanlced by a 
synthetic Sail restriction site was amplified using pMLPIO DNA as the template. The PGR product was digested with 
the enzymes EccRI and SgrAI to generate a 196 bp. fragment Plasmid pMLPIOASB was digested with EcoRI and 
SgrAI to remove the ITR. This fragment was replaced by the EcoRI-SgrAI-treaied PGR fragment to generate pMLP/ 

26 SAL, Plasmid pGMV-Luc was digested with Pvull to completion and recirculated to remove the SV40-derived poly- 
adenylation signal and Ad5 sequences with exception of the Ad5 left-terminus, tn the resulting plasmid, pGiy^V-lucAAd. 
the AdS ITR was replaced by the Sal-site-flantced ITR from plasmid pMLP/SAL by exchanging the Xmnl-Sacil frag- 
ments. The resulting plasmid. pGMV-lucAAd/SAL. the AdS left terminus and the CMV-driven luciferase gene were 
isolated as a Sall-Smal fragment and inserted in the Sail and Hpal digested plasmid pBLCATS. to form plasmid plCL. 

^ Plasmid ptCL is represented in Fig 19; its sequence is presented in Fig. 20. 
[0108] Plasmid pICL contairts the following features: 

nt. 1-4S7 AdS left terminus (Sequence 1-457 of human adenovirus type S) 

nt. 456-969 IHuman cytomegai ovinia enharicer and immediate 
30 early promoter (Boshart et al., 1 985) (from plasmid pGMVp, Glontech, Palo Alto, USA) 
nt. S70-1 204 SV40 1 93 exon and truncated 1 6/1 98 intron (from plasmid pCMVP) 
nt. 1 21 8-2987 Firefly luciferase gene (from pMLP.luc) 

nt. 3018-3131 S V40 tandem poly-adenylation signals from late transcript, derived from plasmid pBLGATS) 
nt. 3 1 32-5620 pUGI 2 backbone (derived from plasmid pBLCATS) 
39 nt. 4337-51 91 ^-lactamase gene (Amp-resistence gene, reverse orientation) . 

Plasmid piCLhac andplCLiiaw 

[0109] Plasmids pIClJiac and pIGLhaw were derived from plasmid plCL by digestion of the tatter plasmid with the 
^ restriction enzyme Asp718. The linearized plasmid was treated with Calf-Intestine Alkaline Phosphatase to remove 
the 51 phoshate groups. The partially complementary synthetic single-stranded oligonucleotide Hp/aspl en Hp/asp2 
were annealed and phosphorytated on their 5'ends using T4-polynucleotide kinase. 

[01 1 0J The phosporylated double-stranded oiigomers were mixed with the dephosporylated pIGL fragment and llgat- 
ed. Clones containing a single copy of the synthetic oligonucleotide inserted into the plasmid were isolated and char- 
ts acterized using restriction enzyme digests. Insertion of the oligonucleotide into the Asp718 site will at one- junction 
recreate an Asp71 6 recognition site, whereas at the other junction the recognilionsite will be disrupted. The orientation 
end the integrity of the inserted oligonucleotide was verified in selected clones by sequence analyses. A clone con- 
taining the oligonucleotide in the correct orientation (the Asp71 8 site close to the 3205 EcoRI site) was denoted p ICLhac. 
A clone with the oligonucleotide in the reverse orientation (the Asp71 8 site close to the SV40 derived poly signal) was 
so designated piCLhaw. Plasmids pICLhac and pICLhaw are represented in Figs. 16 and 17. 

[0111] Plasmid pICLI was created from plasmid pICL by insertion of the Sall-SgrAI fragment from pIGL, containing 
the AdS-ITR into the Asp71 8 site of pICL. The 1 94 bp Sall-SgrAI fragment was isolated from plCL, and the cohesive 
ends were converted to blunt ends using E.coli DNA polymerase I (Klenow fragment) and dNTPs. The Asp71 8 cohesive 
ends were converted to blunt ends by treatment with mungbean nuclease. By ligation cfones were generated that 
55 contain the ITR in the Asp71 8 site of plasmid plCL A done that contained the ITR fragment In the con-ect orientation 
was designated plCU (Fig. 18). Generation of adenovirus Ad-CMV-hcTK. Recombinant adenovlnis was constructed 
according to the method described in Patent application EP 0 707 071. Two components are required to generate a 
recombinant adenovinjs. First, an adaptor-plasmid containing the left terminus of the adenovirus genome containing 
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the ITR and the packaging signal, an expression cassette with the gene of interest, and a portion of the adenovirus 
genome which can be used for homologous recombination. In addition, adenovirus DNA is needed for recombination 
with the aforementioned adaptor plasmid. In the case of Ad-CMV-hcTX, the plasmid PCMV.TK was used as a basis. 
This plasmid contains nL 1-455 of the adenovirus type 5 genome, nt. 456-1204 derived from pCMVp (Clontech, the 
5 Pstl-Siul fragment that contains the CMV enhancer promoter and the 16S/19S intron from Simian Virus 40). the Herpes 
Simplex Virus thymidine kinase gene (described in Patent application EP 0707 071), the SV40-de rived polyadenylaUon 
signal (nt. 2533-2668 of the SV40 sequence), followed by the Bglll-Scal fragment of AdS (nt. 3328-6092 of the AdS 
sequence). These fragments are present in a pMLPIO-derived (Levrero et al., 1991) backbone. To generate plasmid 
pAD-CMVhc-TK, plasmid pCMV.TK was digested with Clal (the unique Clal-site is located just upstream of the TK 
to open readingframe) and dephosphorylated with Calf-Intestine Alkaline Phosphatase. To generate a hairpin-structure, 
the synthetic oligonucleotides HP/cla2 and HP/cla2 were anneated and phopsphorylated on their 5*-0H groups with 
T4-polynucleotide kinase and ATP. The double-stranded oligonucleotide was ligated with the linearized vector fragment 
and used to transform E.coli strain "Sure", Insertion of the oligonucleotide into the Ctal site will disrupt the Clal recog- 
nition sites. The oligonucleotide contains a new Clal site near one of its termini. In selected clones, the orientation and 
IS the inegrity of the inserted oligonucleotide was verified by sequence analyses. A clone containing the oligonucleotide 
in the correct orientation (the Clal site at the ITfl side) was denoted pAd-CMV-hcTK. This plasmid was co-transfected 
with Clal digested wild-type Aderibvirus-fypeS DfSTA into 911 cells. A recombinant adenovinis in which the CA4V-hcTK 
expression cassette replaces the £1 sequences was isolated and propagated using standard procedures. 
[0112] To study whether the hairpin can be used as a primer for reverse strand synthesis on the displaced strand 

» after replteation had started at the ITfl, the plasmid pICLhac is Inuoduced into 911 cells (human embryonic retinobtasts 
transformed with the adenovirus El region). The plasmid pICLhaw serves as a control, which contains the oligonucle- 
otide pair HP/asp 1 and 2 in the reverise orientation but is further completely identical to plasmW plCI_hac. Also included 
in these studies are plasmlds pICLI and pICL. In the plasmid pICLI the hairpin is replaced by an adenovirus ITR. Plasmid 
pICL contains neither a hairpin nor an ITR sequence. These plasmids serve as controls to determine the efficiency of 

2S replication by virtue of the terminal-hairpin structure. To provide the viral products other than the El proteins (these 
are produced by the 911 cells) required for DNA replication the cultures are infected with the virus tG.Ad.MLPI.TK after 
transfection. Several parameters are being studied to demonstrate proper replication of the transf acted ONA molecules. 
First, DNA extracted from the cell cultures transfected v/ith aforementioned plasmlds and Infected with IG.Ad.MLPI. 
TK virus is being analyzed by Southem blotting for the presence of the expected repllcalion Intermediates, as well as 

» for the presence of the duplicated genomes. Furthermore, from the transfected and IG.Ad.MLPI.TK infected cell pop- 
ulations virus is isolated, that is capable to transfer and express a tuclferase marker gene into luciferase negative cells. 
(01 1 3J Plasmid DNA of plasmids pICLhac. plCUiaw, pICLI and pICL have been digested with restriction endonucie- 
ase Sail and treated with mungbean nuclease to renrwve the 4 nucleotide single-stranded exterwion of the resulting 
DNA fragment In this manner a natural adenovinis 5'ITR tenninus on the DNA fragment is created. Subsequently. 

35 both the pICLhac and pICLhaw plasmids were digested with restriction endonuclease Asp71 8 to generate the terminus 
capable of forming a hairpin structure. The digested pfasmids are Introduced into 9 1 1 cells, using the standard calcium 
phosphate co-precipitation technique, four dishes for each plasmid. During the transfection, for each plasmid two of 
the cultures are infected with the lG.Ad.MLPI.TK virus using 5 Infectious IG.Ad.MLPI.TK particles per cell. At twenty- 
hours post-transfection and forty hours post-transfection one Ad.tk-vinjs-infected and one uninfected culture are used 

40 to isolate small molecular- weight ONA using the procedure devised by Hirt Aliquots of isolated OfslA are used for 
Southern analysis. After digestion of the samples with restriction endonuclease EcoRI us^g tfie luciferase gene as a 
probe a hybridizing fragment of approx. 2.61cb is detected only in the samples from the adenovirus infected celts trans- 
fected with plasmid plCUtac. The size of this fragment is consistent with the antidpated duplication of the luciferase 
marker gene. This supports the conclusion that the Inserted hairpin is capable to serve as a primer for reverse strand 

« synthesis. The hybridizing fragment is absent if the IG.Ad.MLPI.TK vinjs is omitted, or if the hairpin oligonucleotide 
has been inserted in the reverse orientation. 

[0114] The restriction endonuclease Dpnl recognizes the tetranucleotide sequence 5*-GATC-3', but cleaves only 
methylated DNA, (that is, only (plasmid) DNA propagated in and derived from E.coli, not DNA that has been replicated 
in mammalian cells). The restriction endonuclease Mbol recognizes the same sequences, but cleaves only unmethyl- 
so ated DNA (viz. DNA propagated in mammalian celte). DNA samples isolated from the transfected cells are incubated 
with Mbol and Dpnl and analysed with Southern blots. These results demonstrate that only in the cells transfected with 
the pICLhac and the piCLI plasmids large Dpnt-resistant fragments are present, that are absent in the Mbol treated 
samples. These data demonstrate that only after transfectipn of plasmids pICLI and pICLiiac replication and duplication 
of the fragments occur. 

ss [0115J These data demonstrate that in adenovlrus-infected cells linear DNA fragments that have-on one te/mtnus 
an adenovirus-derived inverted terminal repeat (ITR) and at the other terminus a nucleotide sequence that can anneal 
to sequences on the same strand, when present in single-stranded form thereby generate a hairpin structure, and will 
be converted to structures that have inverted terminal repeat sequences on both ends. The resulting Df^ molecules 
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wilt replicate by the same mechanism as the wild type adenovirus genomes. 

1.2 Demonstration that the DNA molecules that contain a luciferase marker gene, a single copy of the ITR. the 
encapsidation signal and a synthetic DNA sequence, that is capable of forming a hairpin stnjcture. ere sulficient to 

5 generate DNA molecules that can be encapstdated into virions. 

[01161 To demonstrate that the above DNA molecules containing two copies of the CMV-luc marker gene can be 
encapsldated Into virions, virus is harvested from the remaining two cultures via three cycles of freeze-thaw crushing 
and is used to infect murine Hbroblasts. Forty-eight hours after infection the infected cells are assayed for luciferase 

10 activity. To exclude the pcssibDIty that the luciferase activity has been Induced by transfer of free ONA, rather than via 
virus panicles, virus stocks are treated with DNasel to remove DNA contaminants. Furthermore, as an additional con- 
trol, aliquots of the vims stocks are incubated for 60 minutes at 56*C. The heal treatment will not affect the contaminating 
DNA. but win inactivate the viruses. Significant luciferase activity Is only found in the cells after infectton with the virus 
stocks derived from lG.Ad.MLPI.TK-lnfecled cells transfected with the pICLhac and pICLI plasmids. Neither in the non- 

w infected ceUs, nor In the infected ceUs transfected with the pICLhaw and pICL significant luciferase activity can be 
demonstrated. Heat Inactivation. but not DNasel treatment, completely eliminates luciferase expression, demonstrating 
that adenovirus particles, and not free (contaminating) DNA fragments are responsible for transfer of the luciferase 
reporter gene. 

(01 1 7] These results demonstrate that these small viral genomes can be encapsidated into adenovirus particles and 
20 suggest that the ITR and the encapsidation signal are suffident for encapsidation of linear DNA fragments into aden- 
ovirus partk:tes. These adenovirus particles can be used for efficient gene transfer When introduced Into cells that 
contain and express at least part of the adenovirus genes (viz. El , E2, E4. and L, and VA), recombinant DNA molecules 
that consist of at least one ITR. at least part of the encapsWation signal as weH as a synthetk: DNA sequence, that Is 
capable of forming a hairpin structure, have the Intrinsic capacity to autonomously generate recombinant genonnee 
2S which can be encapsidated into virions. Such genomes and vector system can be used for gene transfer. 

1.3 Demonstration that DNA molecules which contain nucleotides 3510 - 35953 (viz. 9.7 • 100 map unite) of the 
adenovirus type 5 genome (thus lack the El protein-coding regions, the right-hand ITR and the encapsidation 
sequences) and a tenninal DNA sequence that is complementaiy to a portion of the same strand of the DNA molecule 

30 when present In single-stranded form other than the ITR. and as a result e capable of forming a hairpin stniclure, can 
replicate in 611 cells. 

[0118] In order to develop a replicating DNA molecule that can provWe the adenovlnjs producte required to allow 
the above mentioned ICLhac vector genome and alike minimal adenovectors to be encapsidated into adenovirus par- 
as tides by helper cells, the Ad-CMV-hcTK adenoviral vector has been developed. Between the CMV enhancer/promoter 
region and the thymidine kinase gene the annealed oHgonucleotlde pair HP/cIa 1 and 2 is Inserted. The vector Ad-CMV- 
hcTK can be propagated and produced in 911 cell using standard procedures. This vector is grown and propagated 
exclusively as a source of DNA used for iransfectlon. DNA of the adenovirus Ad-CMV-hcTK is Isolated from virus 
particles that had been purified using CsCl density-gradient centrifugalion by standard techniques. The vims DNA has 
40 been digested with restriction endonudease Clal. The digested DNA is size-fracttonated on an 0.7% agarose gel and 
the large fragment is isolated and used for further experiments. Cultures of 911 cells are transfected the large Clal- 
fragment of the Ad-CMV-hcTK DNA using the standard calcium phosphate co-predpltallon technique. Much like In the 
previous experiments with plasmid pICLhac, the AD-CMV-hc will replicate starting at the right-hand ITR, Once the 
1 -strand is displaced, a hairpin can be formed at the left-hand terminus of the fragment This facilitates the DNA polymer- 
45 ase to etongate the chain towards the right-hand-side. The process will proceed until the displaced strand is completely 
converted to its double-stranded form. Finally, the right-hand fTR will be recreated, and in this locatfon the normal 
adenovirus replication-iniUation and elongation will occur. Note that the polymerase will read through the hairpin, there- 
by duplicating the molecule. The input DNA molecule of 33250 bp. that had on one skfe an adenovirus ITR sequence 
and at the other skje a DNA sequence that had the capacity to form a hairpin structure, has now been duplteated. In 
50 a way that both ends contain an ITR sequence. The resulting DNA molecule will consist of a pafindromk: structure of 
approximately 66500 l>p. . e ^ 

[01 1 91 This structure can be detected in low-molecular weight DNA extracted from the transfected cells using Soutn- 
ern analysis. The palindromte nature of the DNA fragment can be demonstrated by digestion of the low-molecular 
weight DNA with suitable restriction endonucieases and Southern blotting with the HSV-TK gene as the probe. This 
55 molecule can replicato itself in the transfected ceOs by virtue of the adenovirus gene products that are present in the 
cells. In part, the adenovinjs genes are expressed from templates that are integrated in the genome of the target cells 
(viz the El gene products), the other genes reside in the replicating DNA fragment itself. Note however, that this linear 
Df^ fragment cannot be encapsidated into virions. Not only does it lack all the DNA sequences required for encapsl- 
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dation, but also is its size much too large to be endapsidated. 

1.4 Demonstration that DNA molecules which contain nucleotides 3503 - 35953 (viz. 9.7 - 100 map units) of the 
adenovirus type 5 genome (thus lack the El protein-coding regions, the right-hand ITR and the encapsidatton 
5 sequences) and a tcnninal DNA sequence that is complementary to a portion the same strand of the DNA molecule 
other than the ITR, and as a result Is capable of fomung a hairpin structure, can replicate in 911 cells and can provide 
the helper functions required to encapsidate the pICLI and plCLhac derived DNA fragments. 

[01201 T>te next series of experiments aim to demonstrate that the DNA molecule described in part 1.3 could be 

10 used to encapsidate the minimal adenovectors described in part 1.1 and 1.2. 

[0121] In the experiments the large fragment isolated after endonuclease Clal-digestion of Ad-CMV-hcTK DNA is 
introduced into 911 cells (confomi the experiments described In part 1.3) together with endonuclease Sail, mungbean 
nuclease, endonuclease Asp71 6-treated plasnrud piCLhae, or as a control similarly treated plasmid pICLhaw. After 46 
hours virus is isolated by f reeze-thaw crushing of the transfeded celt population. The virus-preparation is treated «vith 

15 DNasel to remove contaminating free DNA. The virus is used subsequently to Infect Rat2 fibroblasts. Forty-eight hours 
post Infection the cells are assayed for lucif erase activity Only in the cells infected with viais isolated from the cells 
transfected with the pICLhac plasmid, and not with the plCLhaw ptasmid, signtficant luciferase activity can be demon- 
strated. Heatinactivation of the virus prior to infection completely abolishes the luciferase acthrity, indicating that the 
luciferase gene is transferred by a viral particle. Infection of 911 ceO with the virus slock did not result in any cytopathe- 

^ logical effects, demonstrating that the pICLhac is produced without any infectious helper virus that can be propagated 
on 9 1 1 cells. These results demonstrate that the proposed method can be used to produce stoclcs of minimal-adenoviral 
vectors, that are completely devoid of infectious helper viruses that are able to replteate autonomously on adenovlnis- 
transformed human cells or on non-adenovlrus transformed human cells. 

[0122] Besides the system described in this application, another approach for the generation of minimal adenovinis 
M veaors has been disclosed in WO 94/1 2649. The method described in WO 94/1 2649 exploits the function of the protein 
IX for the packaging of minimal adenovirus vectors (Pseudo Adenoviral Vectors (PAV) in the temninology of WO 
94/12649). PAVs are produced by cloning an expression plasmid with the gene of interest between the left-hand (in- 
cluding the sequences required for encapsidation) and the right-hand adenoviral ITRs. The PAV is propagated in the 
presence of a helper virus. Encapsidation of the PAV is preferred compared the helper vims because the helper virus 
so Is partially defective for packaging. (Either by virtue of mutations in the packaging signal or by virtue of its size (vinis 
genomes greater than 37.5 kb package inefficiently). In addition, the authors propose that in the absence of the protein 
IX gene the PAV will be preferentially packaged. However, neither of these mechanisms appear to be sufficiently re- 
strictive to allow packaging of only PAVs/minimal vectors. The mutations proposed In the packaging signal diminish 
packaging, but do not provide an absolute block as the same packaging-activity is required to propagate the he(per 
IS , vinjs. Also neither an increase in the size of the he^er virus nor the mutation of the protein tX gene will ensure that 
PAV Is packaged exclushrely. Thus, the method described in WO 94/12649 is unlikely to be useful for the production 
of helper-free stocks of minimal adenovirus vectors/PAVs. 
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Table Z 

Primers used for PGR amplif ic&rion of DNA fragments used 
for generarion of construcrs described in this patent 
applies rion. 



Ea - 1 CCTCTAGTCTAT7TATACCCG 

Ca - 3 TCGTCAC7GGGTCCAAAGCCA 

ea*3 TACCCSCCGTCC7AAAATGGC 

E« - S TCGACTTCAGCTCTAA ACGC 



PGR ampiificacion Ad5 fit4S9 -> 
PGR amplification AdS nrSSO <• 
nrl264-l3a4 of AdS genome 
nrlS14-1533 of AdS gaaome 
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Zp'2 CCCTCCaZCGACCTCAGATCT 

Eb- 1 CCTTGAGCCCSAGACATG7C 

Eb • 2 CCCClCaBfiCTCAATCTCTATCTT 

SV4 0 • 1 CGGGCilCCGAACTTCTTTATTCCAGC 



SV4 0 - 2 GGGaSAZCZAGACATGATAAG ATAC 



AdS-l 

AdS -2 
ZTRl 

ITR2 



GGGAgi.TrTGTACrCAAATGTCTCGGC 

G6AG6C7CCAC7C7CCAACGGCGT 
CCGGSaZCCTCAAATCGTCACTTCCGT 

GGGGIGIACACATCATCAATAATATAC 



ncl721-1702 ot AdS; 
incroducrlon of NcoZ sire 
n026$-3289 of AdS gcoome 
nOS08*3496 of AdS genome; 
inrroductlon of XhoZ sire 
Incroduction SamHZ site 
{nt21B2-2X99 of pMLP.TK) 
adaption of 'ecomblaaot 
•denoviruau 
Introduction BgXZZ sire 
(nt2312-2297 of pMZ.P..TK) 
Intro€iucrioR a^lZZ sit* 
;nt2495-2Sl4 af pt4LP.TK> 
nt2T7C-275« zi PfaP.TK 
nt35737- 35757 of AdS 
(introduction of BamHZ sirej 
nt3593S*3S9I9 of AdS 
(Introduction of XbaZ site) 



[0124] PGR primers sets to be used to create the Sail and Asp718 sites juxtaposed to the ITR sequences. 



PCR/MLP1 



GGCCAArrCGTCCACATCATCAATAATATACC 



(AdS nt. X0-18> 



PCR/MLP2 CCCCAATTCGGTACCA7CA7CAATAATATACC 



(AdS nt. 10-18) 
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PCR/KX.P3 CTCTCTACACCGGCCCA , . ^ . 

{Ad5 nr. 200-164} 

ap/upl '•■OT«c»eT»(xi«<wacccceocM«»iTOceo«K«iaictjuKtcAe 

HP/.5pa S • -«ACCTCACCTACTCCCCCCCCCCCTTTecCC5CGCSCCACTAGGTCA0T 
hd^U'^''*'"'' "^"^ « "^'"^ Cta, recogn^ion s«a to b. 

RP/clal 5 • -<:-*CATTCACCTA6TGCCCCCCSCGCAAACC=C5CGC55CACTACGTCAATCGAT 
HP/el«2 S • -3-ACATCGATTCACCTACTCCCGCCCCGCCTTTGCCCaSCCG6CACTAGGTCAAT 
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Claimi 



IS 



so 



1 . A packaging system comprising: 

of said nudefe acid ^l^Z ^ii l^Z^l t Jn^"^^^^ upstream part of the wmesuand 

function a. a .tart-site fo^rSlSfc 2d p^^^Z^ '""^"""^"fl P« -ble to 

4. A packaging system comprising a recombinant nucleic add molecule msuMnn f«™ ik — « 
^ polymerase on a nucleic acid molecule comprised by a S^^S^Sli: aSrS^cim °' " ""'^'^ 

JoS^nSS''''""'^'*'^''**''"'""-"''^'"'""'-"^^^ 

NXi^rsars^erreC^^^^^ 
?«rrSrursr^iofi^^^^^^^ 

"^xrrr..rr.ro;s^^^^^^ 

p^rS^S^"^ '^"^ P'^'^Sing cen does not have the ability to express E1B 

1 4. A packaging system according to claim 1 3. wherein the genetic infomiation encoding El B products is not present 

15. Apackaging system acco,ding,oclaim9.whereinsaldpackagin8ce«fur,hercompnses the regto^ 

16. A packaging system according to daim 9. wherein said packaging ceB further comprises a maA.r gene. 
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17. A packaging system according to claim 16, whereby the marker gene is under control of the El B responsive 
promoter. 

18. A packaging cell harbouring a ONA fragment of an adenoviois. that fragment consisting of nucleotides 80*5768 
5 of the human Adenovirus 5 genome. 

19. A packaging cell harbouring a DNA fragment of an adenovirus, that fragment consisting of nucleotides 459-1 713 
of the human Adenovirus 5 genome. 

to 20. A packaging cell harbouring a ONA fragment of an adenovirus, that fragment consisting of nucleotides 459-3510 
of the human Adenovirus 5 genome. 

21. A packaging system according to claim 9, wherein said packaging ceil does not have the ability to express the 21 
kD El B product. 

22. A packaging system according to claim 21. wherein the genetic information encoding the 21 kD E1B product t& 
not present in said packaging ceO. 

23. A packaging system according to anyone of claims 9-17. 21 or 22, wherein saM packaging cell is a diptoid cell. 

so 

24. A packaging system according to anyone of claims 9-17 or 21-23, wherein sakj packaging cell is of non-human 
origin. 

25. A packaging system according to anyone of daims 9-1 7 or 21 -24, wherein said packaging cell Is of monkey origin. 

25 

26. A cell according to claim 18 as deposited under no. 95062101 at the ECACC. 

27. A packaging system according to anyone of claims 1 -1 7 or 21 -25. wherein said recombinant nucleic acM molecule 
is a ONA molecule. 

so 

28. A packaging system according to claim 1 , wherein said recombinant nucleic acid molecule has at least a deletion 
of nucleotides 459-351 0 of the El region. 

29. A packaging system according to claim 1 , wherein said recombinant nucleic add molecule has at least a deletion 
J5 of nucleotMes 459-171 3 of the E 1 region. 

30. A batch of recombinant adenovirus particles produced by a packaging system according to anyone of claims 1 -1 7. 
21 -25 or 27-29, which batch is free of replication competent particies. 

40 31 . A cell comprising a packaging system according to anyone of daims 1 -1 7. 21 -25 or 27-29. 

32. A packaging system according to anyone of claims 1-3, wherein said nucleic acid molecule comprises functional 
E2A and E2B genes or functional fragments or derivatives thereof under control of an El A independent promoter- 
's 33. A packaging system according to claim 25, wherein said packaging cell comprises a host range mutated E2A 
region of an adenovirus. 

34. A cell according to claim 20 as deposited under no. 96022940 at the ECACC. 

so 35. A packaging cell for packaging adenovirus derived nucleic acid molecules, which packaging cell has been provided 
with one or more packaging nucleic add molecules, said nuciek: acid molecules or nucleic acid molecules providing 
said cell with the ability to express adenoviral gene products derived from at least both the El A and the E2A region, 
wherein the recombinant nucleic acid molecule encoding the E2A region is mutated so that at least one of its 
products is temperature sensitive. 

55 

36. A packaging system according to claim 1 , wherein the genome of said packaging cell comprises nucleic add that 
encodes adenoviral El A and El B proteins but tacks pIX sequences. 
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« ECA^'""' «" " «*» » «^~«ed under no. 

PatentansprOche 
' 1. Veipaekungssystem, umfassend: 

ein rekombinantes Nudleinsauremolekul. das auf einem Adenovinjs beruht odardavon abgelaltet ist wobai 

dasNucemsauremolekOleinfunktioneflesEnkapsidieningssignalundwenigstenselnenhinW^ 

Terrninal Repeat Oder oinlunkttanellaa Fragment Oder Oerivatdavonaufwrtstund 

- Nueteinsaure und die Veipackungsrelle zusammen alle Eto- 

SLul'Z?^"^. T*' Nocleinsauo^milekQl keine OberiaJ^!! 
den Sequewen auKveet. d.e e.ne homologe Rekombinatten. die zu einem replikationskompetenten vK. to 
derVeipackungs2ellef0hrt.emi6glichenwurden. wajmpewnien virus m 

2. Veipackongssystem gemfiS Anspruch 1 . wobei das NuereinsauremofekOt in lineaier Form vortiegt und einen in- 
veiled Terminal Repfeat an beWen Termihl oder in deren NShe umfasst 

3. Veniaekungasirstem gemSB Anspruch 1 . wobei das NudeinsauremoIekOI in linearer und im Wesentlfchen einzel- 
strib^giger Fomi, voHlegt und am 3'-Terminu8 ein. Seqoenz umfasst. die komplcmentfir zu eineiJ st^TZS. 
.«T„r.?; """"TT- ^'""^ NucleinsauiemoiekOI, ist. wobei die S^uenz in der LagTLS^SSJ! 
me^e diiie^ STn """^ehen. dass aie als Staitsielle fOr ein. NudeiisaurelSS^ 

4. Verpackungssystem. das ein rekombinantes NucleinsauremolekCi umfasst. welches aus der Einwirkuno einer Nu- 
CrlcTa uiSrSTw.""' -'ch« von einem Verpackungs^^em geJSi 

dilTTeSXefeL^*"^^ *^ •'"•P '"vertwl Terminal Repeat an bei- 

6. Verpackunspsystem gemao Anspruch 1 . wobei die Veipackungszelie ein NudelnsiuremolekOI mil einer Wirtsbe- 
rBKtvninBBon umfassL 

^' ^T*" '^f''"'^ ^ • Verpackungszelle ein NucleinsauremoleWa umtasst. das elne 

mutlerte E2-Region umfasst. die wenigstens eines seiner Pradukte temperaturempfindlich maeht 

8. Verpackungssystem gemas Anspwch 1 . wobei die Verpaekungszelie ein NudeinsauremoleMU umtassL das elne 
E2-Region unter der Kontrolle eines induzierbaren Promotois umfasst 

9. Verp^kungssystem gemas Anspruch 1. wobei die VeipackungszeOe mil einer oder mehreren Veipackungsnu- 
cteinsauremolekulen versehen ist. die der ZeSe die FaWgkeit verleihen. adenovirals Genprodukte. die wenigstens 
vonderEtA-Regionabgeleitetsind,zuexprimieren. 

10. Verpackungssystem gemas Anspruch 9. wobei das eine oder die mehreren VeipackungsnudeinsauremolekQIe 
der Zelie weiterhin die Fahigkeit verleihen. adenovlrale Genprodukte, die von der E2A-Region abgeieitet sind zu 
expnmteren. ' 

11. Verpackungssystem gemas Anspruch 10. wobei sfch das rekombinante NudeinsauremoiekOt. dasdie E2A-Regk>n 
codiert, unter der Kontrolle eines induzierbaren Promotors befindet 

12. Verpackungssystem gemas Anspruch 10 oder 11. wobei das rekombinante NudeinsauremoiekCt. dasdie E2A-Re- 
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gton codiert. so mutiert ist, dass wentgstens eines seiner Produkte temperaturempfindlich ist 

13. Verpackungssystem gemS3 Anspruch 9, wobei die Verpackungszelle nicht die Fdhlgkeit hat, ElB-Produkte zu 
expnmieren. 

5 

14. Verpaclcungssystem gemSB Anspruch 13, wobei die genetische Inforrnation, die EIB-Produkte codiert, n'cht vor* 
handenist 

15. Verpackungssystem gemdB Anspruch 9, wobei die Verpackungszefle weiterhin die Region umfasst, die fur El 6 
10 codiert 

16. Verpackungssystem gemdS Anspruch 9. wobei die Verpackungszetie weiterhin ein Marker-Gen umfasst 

17. Verpackungssystem gemSS Anspruch 16, wobei sich das Marker-Gen unter der Kontrolle des ElB«^nduzierbaren 
15 Promoters befindet 

18. Verpackungszelle. die ein DNA-Fragment eines Adenovirus beherfoergt, wobei das Fragment aus den NucleoUden 
80-5788 des Genonns des humane n Adenovirus 5 besteht 

SO 1 9. Verpackungszelle, die ein DNA-Fragment eines Adenovirus beherbergt wobei das Fragment aus den Nucleotiden 
459-1713 des Genoms des humanen Adenovirus 5 besteht 

20. Verpackungszelle, die ein DNA-Fragment eines Adenovirus beherbergt. wobei das Fragment aus den Nucteotklen 
459-3510 des Genoms des humanen Adenovirus 5 besteht 

23 

21 . Verpackungssystem gemA8 Anspruch 9. wobei die Verpackungszelle nicht die Fdhlgkeit hat, das 21 -kD-E1 B-Pro- 
dukt zu exprimieren. 

22. Verpackungssystem gemSQ Anspruch 21 , wobei sich die genetische Information, die das 21 -kO-E1 B-Produkt co- 
90 diert, nicht in der Veipackungszelle befindet 

23. Verpackungssystem gema3 etnem der Anspruche 9-17. 21 Oder 22, wobei die Verpackungszelle eine diploide 
Zeile ist 

35 24. Verpackungssystem gemSB einem der AnsprOch^ 9-17 oder 21-23, wobei die Verpackungszelle nichthumanen 
Ursprungs ist 

25. Verpackungssystem gemS8 einem. der Anspruche 9-1 7 Oder 21 -24. wobei die Verpackungszelle von einem Affen 
stammt 

40 

26. Zelle gemaO Anspmch 18, die bei der ECACC unter der Nr. 95062101 hinterlegt ist 

27. Verpackungssystem gemdB einem der AnsprOche 1-17 Oder 21 -25. wobei das rekombinante Nuctelnsduremolekfil 
ein DNA-IMolekufist 

45 

28. Verpackungssystem gemSB Anspruch 1 . wobei das rekombinante NucleinsSurenwIekQI wenigstens eine Deietton 
der Nucleotide 459-3510 der El -Region aufweiat 

29. Verpackungssystem gemdf3 Anspruch 1 , wobei das rekombinante NuclelnsiuremolekQI wenigstens eine Deletion 
50 der Nucleotide 459-1 71 3 der El -Region aufweisL 

30. Charge von rekombinanten Adenoviruspartiketn, die durch ein Verpackungssystem gemdl3 einem der Anspruche 
1-17, 21-25 Oder 27-29 erzeugt wurden, wobei die Charge frei von replikationskompetenten Partikein ist 

55 31 . Zelle, die ein Verpackungssystem gemafS einem der Anspruche 1 -1 7. 21 -25 Oder 27-29 umfasst. 

32. Verpackungssystem gem§B einem der Anspruche 1 -3, wobei das Nucleinsfiuremoiekul funktionelle E2A- und 
E28-Gene oder funktionelle Fragmente Oder Derfvate davon unter der Kontrolle eines ElA-unabhSngigen Pro- 
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motors umfasst 



34. Zelle gemas Ansprueh 20. die bei der ECACC unler der Nr. 96022940 hinterlegt ist 



Revendieattons 

1 . Syst^me d'empaquetage comprenant : 



una molecule d-acida nucWique recombinant baste sur ou d6riv6e d-un adenovirus ladite motieul. <r.ei^ 
nuo.«.qu. ayant un signal d-ancapsidation foncf ionnel et au moins une s^uB^^^^u^rt^l^^ 
ou un fragment ronctionnel ou son d6riv4, et »«"juence repeiee inversee terminala 

Z/m!l!l"/TT-^'^®^' '^"^"'ant « 'atfte ceilul. tfempaquetage comprenant 

S?Aonr^2tI^"^"*1 f chevauchen«nt qui pem»t «„. recombinaison homoiogueS SJe S 
d empaquetage condutsant i un vims capable de r«plicatioa 

Srtel3™'L '! ^- '«*e molecule d'aclde nucl«que est sou. un. 

fon^ imeaire et comprend une sequence r6p«ee inverse leaninale au niveau ou proche de see deux SlUiZ 

*w» 'equal tedite molfcule d-aade nucteique est sous una 
fom« imdaire et essentiellem.nt & simple brin et comprend A la tem,inaison 3' une sJueJoB SLtemen^rf 
une partie amont du m*me brin de ladite molecule d-acide nucieique. ladite s^ue^ i^^i^^^ 

le^tton a '^""^ tfen-Paquetage selon fa 

".""T.^i"" ^- dans lequel ladite molecule d-acide nucieique a une sequence 

repetee mversee temilnale i ses deux temifnaisons. aequenew 

*' fS!;^! ^"'^^^'^'"' " ce««"« cf empaquetage comprend un. moU- 

cule d'acid. nucieique avec une mutation de domaine de Ph«te. 

^* J'T!"*'^®* teque' ladite cellule d'empaquetage comprend une moie- 

cule d'aade nucie«,ue comprenant une region E2 mutee rendant au moins i^un d. ses pr«^ults «nS!te II teT«^ 
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p6rature. 

6. Systfeme d'empaquetage selon ta revendication 1 . dans lequel ladite cellule d'empaquetage comprend une mold- 
cule d'acide nucl^ique comprenant une region E2 sous le contrdle tfun promoteur Inductibte. 

9 

9. Systfeme tfempaquetage selon la revendication 1 , dans lequei ladite cellule d'empaquetage a M munie d*une ou 
de plusieufs nnol6cules tfacide nucldlque tf empaquetage qui donnent k ladite ceflute la capacity d'exprimer des 
produits g^niques addnovtraux ddrivc^s d'au nrioins ta nggion El A. 

fO 10. Syst^me d'empaquetage selon la revendication 9, dans lequel ladite ou lesdites mol^ules d'acide nucl^tque d'em- 
paquetage donnent k ladite cellule la capadt^ d'exprimer des produits g^niques adenoviraux d6riv6s de la region 
E2A. 

1 1 . Systfeme d'empaquetage selon la revendication 1 0, dans lequel la molteule d'acide rtucldique recombinant codant 
la region E2A est sous le contrOle d'un promoteur inductible. 

12. Syst^me d'empaquetage selon la revendication 10 ou 11 « dans iequel la molecule d'acide nucl^ique recombinant 
codant ta region E2A est mut^e de sorts qu'au moins Tun de ses produits est sensible k la temperature. 

^ 13. Syst^me d'empaquetage selon la revendication 9. dans lequel ladite cellule d'empaquetage n*a pas la capacity k 
exprimer des produits £1B. 

14. Systems d'empaquetage selon la revendication 13, dans lequel tes informations g^n^tiques codant des produits 
El B rie soni pas pr^entes. 

25 

15. Syst^me d'empaquetage seton la revendication 9, dans lequel ladite cellule d'empaquetage comprend de plus la 
region codant pour El 8. 

16. Systfeme d'empaquetage selon la revendication 9, dans lequel ladite cellule d'empaquetage comprend de plus un 
30 gkne marqueur. 

17. Syst^me d'empaquetage seton la revendication 16, par lequeMe g^ne marqueur est sous contr&le du promoteur 
sensible k E1B. 

ss 16. Cettule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nucleotides 
80-5788 du g^nonne de rAd^novirus 5 humain. 

19. Cellule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nudeottdes 
459-1713 du genome de PAdenovirus 5 humain. 

40 

20. Cellule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nucleotides 
459-3510 du genome de r Adenovirus 5 humain. 

21. Systems d'empaquetage selon la revendication 9, dans lequel ladite cellule d'empaquetage n'a pas la capacite k 
^ exprimer le produit El 8 de 21 kD. 

22. Syst^me d'empaquetage selon la revendication 21 , dans lequel les informations genetiques codant le produit E1B 
de 21 kO ne sont pas presentes dans ladite cellule d'empaquetage. 

so 23. Systems d'empaquetage selon une quelconque des revendications 9-1 7, 21 ou 22. dans lequel ladite cellule d'em- 
paquetage est une cellule diptoTde. 

24. Systeme d'empaquetage selon une quelconque des revendications 9-17 ou 21 *23, dans lequel ladite cellule d'em- 
paquetage est cf origins non humaine. 

55 

25. Syst^me d'empaquetage selon une quelconque des revendications 9-17 ou 21 -24, dans lequel ladite cellule d'em- 
paquetage a pour origtne le singe. 
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26. Cellule seton la revendication 18 telle que Mpos«e sous le numSro 95 062 1 01 auprto de TECACC. 

27. Syst«me d'empaquetage selon une quelconque des revendications 1-17 ou 21-25. dans lequel ladile molteuki 
d-acide nucUique recombinant est une molecule d-AON. molecule 

28. Syst6me d'empaquetage selon la revendlcaUon 1 . dans lequei ladtte molteule d'acide nuddique lecombinant nrA. 
sente au mohs una d«l«tion dea nueltetides 459-3510 de la region El. - fecombinam pt*. 

29. Systtme d'empaquetage selon la revendication 1 . dans lequel tadite molteule d'acide nucl&que lecombinant ort- 
senteaumoms une d^Wtion des nudAotides 459-1713 de to r*gion El. swrecomoinantprs. 

30. Lot de particules d-ad^novims recombin* prodult par un systfeme d'empaquetage selon ur» quelconque des r.- 
vendlcations 1-17. 21-25 ou 27-29. lequel lot est exempt de partieulas capables de replication. 

31. Cellule compienant un systftme d'empaquetage selon une quelconque des revendications 1-17. 21-25 ou 27-29. 

32. Systeme d'empaquetage selon une quelconque de, revendications 1-3, dans lequel ladite molteule d'acide nu- 

d6K,ueconvrenddes8fenesE2AetE2Bfonctionnel8 0udes»«gment8fonctionnelsouse.d<^^ 

d'un promoteur inddpendant da El A. coniroie 

33. Syst*me d'empaquetage selon to revendication 25. dans lequei todite eeBule d'empaquetage comprend une r^alon 
E2A mutte de domains de rhAte d^in ad*novtrus. wxv'ena une region 

34. Cenuto selon to revendication 20 telle que d«pos«e sous le num^ro 96 022 940 aupria de rcCACC. 

35. Cellule d'empaquetage pour empaqueterdes molteules d'acide nucMique d«riv«e8 (fad«novlnj8. laqueUe celluto 

empaquetege a M munie d'une ou de plusieurs molecule, d'adde nuctoique rfempaquetage. Jli rlScS 
d-aade nucietque ou lesdites molecules decide nudeique donnant 4 ladite ceOule to «p2dte tf e^prtoner^pn^ 
?™H-"^rH'**.r'L'^"" t*'^*' ^fl**"' ^'"^ ^2A. oO la molecule d'acwTiudeiS^ 

recomb.nantcodaf,ttore8.onE2Aestmuteede.ortequ'aumolnsl'undesesproduitsestsensible6latemperat^^^ 

36. Systeme d'empaquetege selon to revendication 1 dans lequel le genome de ladite cellule d'empaquetage com- 
prend un acide nudeique qui code des proteines E1A et E1B adenovirales mais est depounni de s^uenceslpa! 

37. Systfeme d'empaquetage selon to revendication 36. dans lequel ladite ceOuto d'empaquetege est une cellule PER. 
C6 telle que d^posee sous to numero 96 022 940 auprto de rECACC. r ^ « ceiniie rcn. 

38. Cenule earaeterisee en qu'efle comprend dans son genome un adde nudeique qui code des proteines E1A et 
El B adenovirales mato est depoufvude sequences pIX. «» pn»«ine» bia ei 
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Figure 7 

Western blotting analysis of A549 clones iransfected with pIG.ElA NEO 
and PER clones (HER cells transfected with prG.ElA.ElB) 
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Figure 8 

Southern blot analyses of 293. 911 and PER cell lines 
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Figure 9 

' Transfection efficiency of PER.C3. PER.C5, PER.C6 and 911 cells. 
CeUs were cultured in' 6- well plates and transfected (n=2) wi^ 5 pig 
pRSV.lacZ by calcium-phosphate co-precipitation. Fony-eighl hours later 
the cells were stained with X-GAL. The mean percentage of blue cells is 
shown. 
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Figure 10. 

Construction of pMLPl.TK from pMLP.TK 
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Replication of Adenovirus 
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S ' -GTACACrCACCTAGTGCCGCCZGGGCA 
. iJjLjLiJLliiMI III! A 



rxg /J. Th« potential hairpin confor=arion of a single-srranded 
OKA aol.cul. rhar conrai«s the HP/asp s.quences us.d in these 
.tudi... Restriction with the restriction endonuclease Aso7I8I 
Of plasBid pICLha,, containing the annealed oligonucieotide pair 
HP/aspl en H?/asp2 will yield a linear double-stranded DMA 
fragment. In cells in which the required adenovirus genes are 
present, replication can initiate at the terainus that contains 
the ITR sequence. During the chain elongation, the one of the 
strands will be displaced. The ter«inus of the single-stranded 
displaced- strand aolecule can adopt the conforaation depicted 
above. In this conforaation the free 2 '-terminus can serve as a 
primer for the cellular and/or adenovirus OKA polvnerase. 
resulting in conversion of the displaced strand ii» a double* 
stranded fora. 



Figure 15 
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S«cn.354 




Figure 16 
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Figure 17 
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NAME: pZCL 5520 BPS CIRCULAR UPOARD S/01/9S 

DESCRirrxONi i X AdS-ZTR. CMV-lucif«raat. ainij&al vaccor 
scquaaec baaed cn cha on availabia :.nf omacion.* 
Censcrurttsns varitia4 by r«acri=tion tnsyma digests : 
Sttquenet sS regions derived £rc» ariplified DUA verified fcy sequence 
analysM 

SEQUENCE 

r CXTCXTCAAT AATATACCTT ATrrTOSATT CAiSCCAATA TCAT AATSAC CSSSrSCACT 

61 ntrrsACsTC gc:?ccsccco tcggaacgss ccssctcacs tactactctc CwC-^ffJC; 

12 i CATSrrSCAA CTKCCCC5A ACACATCTAA CCCAC gSATS 7SSCA AAACT C**CCTTnTC 

lai CTsrsccccs ctstacacac caactcacaa ?r rrcgcscs crrrrASGcc catcttctac 
2ii TAAArrrcss cctaacccac taacatttcc ccArrrrccc cgsaaaacto aat^^g^^^ 

301 ACRAAATC? CAATAATTTT CTCTTACTCA TASCC CSTAA TATTTCTCTA CCCCCCCC3C 

3€X CArrrrcAcc crrrAccrcs acactcsccc AccTsrrrrr rrcAccrorr ttcccccttc 

42'. CSGSTCAAAS TTCCCGTrXT ATTATTATAC TCACGGGCTC CACSTCSTTA CATAACTTAC 

'4S^ CSTAAA'KSC CCCCCTKCT SACCCCCCAA CCACCCCCCC CCATTCACST CAATAATCAC 

541- CTAWTTCrC ATA6TAACCC CAATAGKAC TTrrCATTCA CHCAATCSS TCCACTATIT 

601 ACSSTAAACT CCCCACTICS CACTACA7CA ACTSTATCAT ATCCCAACTX CCCCCCCTA. 

661 TBACSTSAAT CACCCTAAAT SCCCCCCrTC srAT TATSCS CACTACATGA CZTT^VS^ 

721 rrrrrcTAcr tc3cac?taca TCTACcrrArr ac?=a tcsc? at^ccaito Tc ^TgctOT 

781 rrCSCASTAC ATCAATCCSC CTCCATACCO CTrrSACTCA caa-^TrrC CA«STrTCte« 
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«<1 CCCCATTCAC CTCAATCCCA ClITw.iiXt COiCCSJVAAT CAACCCGACT TTCCAAAATC 
901 TCCTAACAAC TCCCCCCCAT TSACCCAAA7 CCCCOCTACC CSTCTACCST GSSAGSTCTA 

9£1 TATAACCACA CCTCCTTTAC TCAACCCTCA GATCGCCTOC ASACCCCATC CACCCXCTtT 

1021 TCACCrCCAT ACAACACACC CCSACCCATC CACCCTCCOG ACT77ACACS ATCCOCTACT 

1081 CCAGGAACTC AAAAACCAGA AACT7AACT5 CrAACTTTAC . ' Vl ' l ' i ' jrC TTTTATnCA 

H41 GCTCC CQCAT CCCSTKHCS TSCAAATCAA ACXACTCCTC CTCACTSSAT CnUL^m ' A 

1201 CTTCTAC7AT CAACCTTCAA TTCCnTCTC TTACATPCTT CAAtCTCGCT CCCACICACA 

1261 rrACCATTCC CCTACTSTTC C7AAAAT3SA ACACCCCAAA AACATAAAGA AACCCCCCCC 

1321 CCCATTCTAT CCTCTACACO AlCCAACCCC TCGACACCAA CTCCATAACS CTATCAACAC 

IJSI ATACCicCCTU CrrCCIUSAA CAATTCCrrr TACAfiATCCA CATATCSAS; TCAACATOC 

1441 CTACCCCSAA TACTTCCAAA l UlLCUTiCU CTTSGCACAA CCTATCAAAC CATATCCCC? 

1501 CAAT ACAAAT CACACAATCC TCCTATCCAC TCAAAACTCT CTICAAtTrr TrATOCCCCT 

1561 CTTGCCCCCC TTATrrATrC GACTTCCACT Tt;CCCCCCCG AACCACATTT ATAATCAACC 

1621 TSAA TiUwAi: AACACT ATCA ACATTTCCCA CCCTACCCTA CTCTTrCTTT CCAAAAACSS 

1681 CTTCCAAAAA ATITTCAACC TCCAAAAAAA ATTACCAATA ATCCASAAAA TTATTAirAT 

1741 CaATTCTAAA ACCCATTACC ACCCATTTCA CTCCATCTAC ACCnrCTTA CATCTCATCT 

1801 ACCtCCCGSt TTTAATCAAT ACCATTtiCT ACCACACTCC TTTCXTCSTG ACAAAACAAT 

1661 TCCACniATA AreAATTCCT CTCCATCTAC TCCCTTACCT AAGCC7GT3G CCCTTCCCCA 

1921 TACAACTCCC TCCCTCACAT TCTCCCATCC CASACATCrT ATTmCSCA ATCAAATCAT 

1981 TCCCCATACT CCCAmTAA CTCTTCTtCC ATICCATCAC CCTTTTMAA TCTTTACTAC 

2041 ACTCCC ATAT TTCATA7CTC GATTTCCAGT CCTCTTAATC TATACATTrs JUUSAACACCT 

2101 CrnTTACCA TCCCTTCACS ATTACAAVkT TCAAACTCCC TrCCTACTAC CAACCCTATT 

2161 TTCATTCrTC CCCAAAACCA CTCTCATPCA CAAATACCAT TTATCTAATT TACACCAAAT 

2221 TCcrrrrcGS cccccacctc tttccaaaca actccgccsaa cckjt-tccaa aacccttcca 

2281 TCTTCCACCS ATACCACAAC CATATCCCCT CACTCACACT ACATCACCTA nCTCATTAC 
2341 ACCCCAGCSg CATCATAAAC CCGSCCCCCT CCSTAAAGTT CTTCCArTTr TTCAACCCAA 
2401 CSTTCTCGAT CTSSATACCC CCAAAACCCT CG3CCTTAAT CaCACASSCS AAtTATCTCT 
2461 CACACCACCT ATCATTATCT CCCCTTATCT AAACAATCCC CAACCCACCA ACCCCTTCAT 
2521 TCAC AACCAT CCATCGCTAC ATTCTCSACA CATACCTTAC TCG5ACCAAC ACCAACACXT 
2581 CnCATACTT CACCCCTTCA ACTCrTTAAT TAAATACAAA CCATA7CACS TGCCCCCCOC 
3641 TCAATTCCAA TCCATATTCT TACAACACCC CAACATCTTC CACCCCCSCS TGGCACCTCT 
2701 TCCCCACSAT CACCCCCCTC AACTrCCCCC CCCCCTTCTT CTTnCCASC ACCSAAACAC 
2761 CATSACCOAA AAA S AS A TC5 TCSATTACCT CCCCAG7CAA CTAACAACtS CCAAAAACTT 
2821 CCCCCCAC»A iC^UiTAU . TC C A C SAACT ACCCAAACC7 CTTACCCSAA AACTCCACGC 
2881 AASAAAAATC ACACASATCC TCATAAACSC CAAGAACSSC GCAAASTCCA AATXCTAAAA 
2941 TXTTAACTCTA TTCACCCAtC ACCAAATTCT TACCTATTOT AAT5SSSSAT CCCCAACTTB 
3001 TTTATTCCAC CTTATAATCG ITACAAATAA ACCAATACCA TCACAAATTT CACAAATAAA 
3061 CCATTTTTtT CACTCCATTC TACTTC?CCT TTGTCCAAAC TCATCAArST ATCTTATCAT 
3121 CTCTCGATCC CATCCATCCC CGCGTACCCA CCrCCAATTC CTAATCATCS TCATACCTCT 
3181 rr CC T C tCTC AAATTCTTAT CCSCTTACAU TTCCACACAA CATACCA5CC CSAACCATAA 
3241 ACTCTAAACC CTCCCCTCCC TAATCACTCA CCTAACTCAC ATTAATTSCS TTCCCCTCAC 
3301 TCCCCCCTTT CCACTCCCCA AACCTCTCCT CCCACCTDCA TTAATCAATC CCCCAACCCC 
3361 CCCCCACACC CCCTTTCCCT ATPKCCCCT dTCCCCTXr CTCOCTCACT CAC7CCCTCC 
3421 CCTCC5TCCT TCGCCTCCCS CCACCCCTAT CACCTCACTC AAACSCCGTA ATACSCTTAT 
3461 CCACACAATC ACCCCATAAC CCACCAAACA ACAICTCACC AAAACCCCAC CAAAACCCCA 
3541 CCAACCCTAA AAAGCCCCCC TTCCTCCCCT TTTTCCATAC CCTCCCCCCC CCTCACCACC 
3601 ATCACAAAAA TCCACCCTCA ACTCACACST CSCSAAACCC CACACCACTA TAAACATACC 
3661 ACSCCnrCC CCCTCGAACC TCCCTCCTCC U,lt.iLCiG T TCCCACCCTC CCCCTTACCC 
3721 CATACCTCTC CCCCTTTCTC CCTPCCCGAA CCCTC5CCCCT TTCTCATACC TCAC3CTCTA 
3781 CCTATCTCAC TTCCCTCTAC CTCCTTCCCT CCAACCTOCC CTCICTCCAC GAACCCCCCC 
3841 TTCACCCCCA CCCCTCCCCC TTATCCCCTA ACTATCCTC7 TCACTCCAAC CCCCTAACAC 
3901 ACOACTTATC CCCACTCGCA CCACCCACTC GTAACACSAT TACC A SACCC AGOTATSTAC 
3961 GCSCTCCTAC ACACTrCTTC AACTKTXGC CTAACTACCC CTACACTAGA ACCACACTAT 
4021 TTCCTATCT3 CCCTCTCCTC AACCCACTTA CCTTCCCAAA AACACTTSCT ACCTCnCAT 
4081 CCCCCAAACA AACCACCCCT GCTACCCCTC w^iilViiur TTSCAACCAC CACATTACSC 
4141 CCACAAAAAA AOCATCTCAA CAACATCCTT TCATCTmC TACG5CSTCT CACCCTCAC7 
4201 CCAACCAAAA CTCACCTTAA TCATCACATT ATCAAAAACC ATCTTCACCT 

4261 ACATCCmr AAATTAAAAA TCAACTrrTA AATCAATCTA AACTATATAT CACTAAACTT 
4321 CCTCTCACAC TTACCAATCC TTAATCACTS ACCCACCTAT CTCACCCAW I C T Cr A TTIC 
4381 crrCATCCAT ACTTCCCTCA CTCCCCCTTC TCTACATAAC TACCATACCC CACCCCTTAC 
44 41 CArCTCGCCC CACTCCTCCA ATCATACC3C GACACCCACG CTCACCCGCT CCAGATTTAT 
4501 CACCAATAAA CCACCCACCC CCAACSCCCC ACCCCACAAC IXXIILLJ ' w CA ACTTTATCCS 
4561 CCTCCATCCA CTCTATTAAT TCTTSCrSGS AACCTAGACT AAGTAGTrCG CCACTTAATA 
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46BX TO=C™=*" ZS^^ 

4741 GCAAAAAACC CCTT*OCTCC "CCCT^ ^JJ^^ TACTOXCATC CCATCCCTAA 
4801 TCTT ATCACT CATOOTWWPO SSctcSt dCACAATAO TCTATCCCGC 

4efii cATCcTTrrc tctcactcct SSSSic S^cacat uxi^crt 

4921 GACCCACTTO CTCrTSCCCO CCC TCXATftC XCTCiCAACO ASCTTACCOC 

4961 TAAAAGT«T «T«TT«A ^JC^^ 

5101 CTTTCACCAO CUITICTCSC ScTCTTCCT TmCAATAT TATTCAACCX 

f ^^^^^ SS^^ J^^S SS^S S?SJcT= 

SS?^ iSSSS JSOCCTAA «C«^ 
5581 AAACCACCaC CACT3CCAAC cnCCATCCC TBCACCTCCA 
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